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Abstract:  In  below-grade  buildings  and  buried  structures,  such  as  har¬ 
dened  secure  facilities  used  for  munitions  storage  on  U.S.  Army  installa¬ 
tions,  water  intrusion  can  cause  serious  structural  damage  and  destroy 
stored  materiel.  Standing  water  and  high  humidity  inside  the  structures 
can  interfere  with  operation  of  mission-critical  equipment,  corrode  struc¬ 
tural  steel,  and  promote  the  growth  of  noxious  molds.  Electro-Osmotic 
Pulse  (EOP)  technology  can  reverse  below-grade  water  intrusion  through 
concrete  pores.  It  has  been  successfully  installed  in  military  infrastructure 
ranging  from  family  housing  to  steel-reinforced  deep  structures  and  tun¬ 
nels.  EOP  has  been  shown  to  prevent  below-grade  moisture  seepage 
through  concrete  and  keep  interior  concrete  spaces  at  or  below  50  percent 
relative  humidity.  This  project  demonstrated  the  use  of  EOP  technology  to 
stop  water  intrusion  into  earth-covered  ammunition  magazines  at  Fort 
A.P.  Hill,  VA.  This  report  describes  the  project  objectives,  equipment  ac¬ 
quisition,  setup,  and  system  initialization.  Preliminary  observations  of  op¬ 
eration  and  lessons  learned  are  presented. 
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Executive  Summary 

This  OSD  Corrosion  Prevention  and  Control  project  demonstrated  the  use 
of  electro-osmotic  pulse  (EOP)  technology  to  prevent  water  intrusion  into 
the  interior  of  earth-covered  ammunition  magazines.  The  usual  method 
for  preventing  water  intrusion  is  to  remove  the  earth  cover,  replace  the  wa¬ 
terproofing  membrane  on  the  magazine,  install  a  drainage  tile  system 
around  the  structure  or  affected  area,  and  then  replace  the  earth  cover. 
This  process  is  expensive,  and  it  can  be  complicated  by  the  fact  that  most 
contractors  limit  their  warranties  against  future  seepage  in  areas  with  high 
water  tables.  EOP  technology  offers  an  alternative  to  the  conventional  me¬ 
thod  by  mitigating  water-intrusion  from  the  interior  (negative  side)  of  af¬ 
fected  areas  without  the  cost  of  excavation. 

This  interim  report  documents  the  design,  installation,  safety  testing,  and 
performance  of  an  EOP  system  developed  for  use  with  ordnance  storage 
structures.  The  report  also  documents  the  9  months  of  EOP  system  opera¬ 
tion  in  an  earth-covered  magazine  at  Fort  A.P.  Hill,  VA.  The  EOP  system 
was  installed  in  11  magazines,  but  was  activated  in  only  one  until  system 
approval  for  this  application  is  obtained  from  the  Department  of  Defense 
Explosives  Safety  Board  (DDESB).  Toward  that  end,  safety  testing  has  per¬ 
formed  on  the  one  magazine  where  EOP  is  operational.  In  terms  of  per¬ 
formance,  the  operating  EOP  system  has  successfully  prevented  water  in¬ 
trusion  in  the  magazine. 

Lessons  learned  related  to  EOP  system  installation,  operation,  and  per¬ 
formance  monitoring  are  discussed.  Both  the  performance  metrics  and  the 
safety  testing  procedures  are  also  documented,  along  with  performance 
data  collected  to  date.  Also  included  is  a  description  of  the  different  me¬ 
trics  used  to  determine  EOP  system  performance  and  a  description  of  the 
safety  test  procedures  and  test  results  to  date  that  were  performed.  When 
the  final  safety  testing  tasks  are  completed,  the  results  will  be  presented  to 
the  DDESB  for  approval.  When  EOP  system  safety  for  this  application  is 
approved,  installations  may  begin  using  EOP  technology  in  earth-covered 
magazines  on  military  properties.  Draft  engineering  criteria  documents  for 
implementation  of  EOP  in  earth-covered  magazines  are  included  in  two 
appendices. 
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To  Obtain 

degrees  Fahrenheit 

(F-32)/1.8 

degrees  Celsius 

feet 

0.3048 

meters 

gallons  (U.S.  liquid) 

3.785412  E-03 
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meters 
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1  Introduction 

1.1  Problem  statement 

Department  of  Defense  and  Army  facilities  constructed  on  grade  or  below 
grade  are  all  susceptible  to  the  problem  of  water  intrusion  and  the  damage 
it  causes.  Water  intrusion,  which  is  also  a  potential  problem  for  nonmilita¬ 
ry  government  agencies  and  all  other  institutional  building  operators, 
causes  corrosion,  materials  degradation,  equipment  damage,  and  growth 
of  pathogens  such  as  mold  and  microorganisms. 

At  Fort  A.P.  Hill,  VA,  large  amounts  of  water  seep  through  the  concrete 
walls,  floors,  and  wall/ceiling  joints  of  earth-covered  ammunition  storage 
magazines.  During  periods  of  high  rainfall,  standing  water  inside  these 
ammunition  bunkers  has  reached  a  depth  of  1.5  in.  The  earth-covered 
magazines  (ECMs)  are  used  for  storage  of  a  wide  variety  of  explosive  ord¬ 
nance,  from  small  arms  to  artillery  rounds  as  well  as  fuses,  shaped 
charges,  hand  grenades,  and  pyrotechnics.  Water  intrusion  through  the 
structure  not  only  corrodes  ammunition  and  equipment  inside  the  maga¬ 
zines,  it  can  also  corrode  the  reinforcement  steel  embedded  in  the  concrete 
floors  and  walls.  Additionally,  the  propagation  of  mold  and  bacteria  in 
these  confined  spaces  causes  respiratory  distress  (e.g.,  allergies,  asthma) 
for  Army  personnel  and  contractors  working  inside  the  bunkers. 

Water  intrusion  into  ordnance  storage  facilities  has  a  far-reaching  impact 
on  the  Tri-Services  and  federal  agencies  such  as  the  U.S.  Bureau  of  Alco¬ 
hol,  Tobacco,  and  Firearms  (ATF).  The  materiel  stored  in  ECMs  is  used  for 
training  warfighters  and  law  enforcement  agents  on  a  daily  basis.  Water 
inside  an  ECM  will  corrode  medal  ammunition  cases  and  penetrate  wood¬ 
en  crates,  compromising  their  safety  and  utility.  If  standing  water  in  the 
ECMs  freezes,  concrete  structures  can  be  cracked  and  severely  degraded 
due  to  freeze/thaw  cycling,  further  exposing  the  reinforcement  steel  to 
corrosive  conditions.  The  frozen  water  on  the  ECM  floor  also  is  a  safety 
hazard  for  forklift  operators,  and  it  seriously  delays  or  prevents  the  deli¬ 
very  of  munitions  for  troop  training.  These  and  other  effects  of  water  in¬ 
trusion  on  soldiers  and  other  ECM  users  will  continue  if  water  intrusion  is 
not  eliminated. 
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The  conventional  method  for  preventing  water  intrusion  into  ECMs  is  to 
remove  the  earth  cover,  replace  the  waterproofing  membrane  on  the  mag¬ 
azine,  install  a  drainage  tile  system  around  the  structure  or  affected  area, 
and  then  replace  the  earth  cover.  This  process  is  expensive,  labor  inten¬ 
sive,  and  time  consuming.  Also,  it  disrupts  facility  operations  and  has  a 
high  probability  of  failure.  It  also  fails  to  address  the  difficult  problem  of 
water  intrusion  through  the  bunker  floor  —  both  the  cracks  in  the  concrete 
and  permeation  directly  through  the  slab. 

This  type  of  difficult  water  intrusion  problem  has  been  successfully  ad¬ 
dressed  in  several  government-sponsored  field  applications  by  an  emerg¬ 
ing  technology  called  Electro-Osmotic  Pulse,  or  EOP  (Marshall  20071, 
Hock  et  al.  20062).  This  technology  uses  embedded  electrodes,  a  direct 
current  (DC)  power  supply,  and  a  pulsed  electric  field  to  counteract  hy¬ 
draulic  pressure  and  reverse  moisture  seepage  through  concrete  struc¬ 
tures.  EOP  systems  have  direct  applicability  to  ammunition  storage  facili¬ 
ties  not  only  on  military  installations,  but  also  in  theaters  of  operations 
and  other  forward  locations. 

1.2  Objective 

The  objective  of  this  work  was  to  install  EOP  technology  in  eleven  ECMs 
located  at  Fort  A.P.  Hill  to  eliminate  water  infiltration  through  concrete 
floor  slabs  and  walls. 

1.3  Approach 

A  multiphase  approach  was  taken  to  accomplish  the  objective. 

1.  In-laboratory  safety  testing  of  a  small-scale  model  of  an  ECM  was  per¬ 
formed.  Laboratory  test  results  were  presented  to  the  Department  of 
Defense  Explosives  Safety  Board  (DDESB)  to  obtain  their  approval  to 
go  to  the  next  phase. 


1  Marshall,  O.S.  2007.  Implementation  of  Electro-Osmotic  Pulse  Technology  in  Building  P10000  at  Fort 
Drum,  ERDC-CERL  Technical  Report  TR-07-28.  Champaign,  IL:  U.S.  Army  Engineer  Research  and  Devel¬ 
opment  Center  -  Construction  Engineering  Research  Laboratory. 

2  Hock,  V.F.,  et  al.  2006.  Electro-Osmotic  Pulse  Technology  for  Control  of  Water  Seepage  in  Various  Civil 
Works  Structures,  ERDC  TR-06-9.  Champaign,  IL:  U.S.  Army  Engineer  Research  and  Development  Cen¬ 
ter  -  Construction  Engineering  Research  Laboratory. 
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2.  An  EOP  system  was  installed  in  a  full-scale  ECM  at  Fort  A.P.  Hill.  The 
effects  of  EOP  system  operation  on  magazine  performance  and  on  the 
materiel  stored  inside  were  investigated. 

During  installation  of  the  full-scale  EOP  system,  most  of  the  moisture  in¬ 
trusion  problems  were  solved  before  the  system  was  energized.  Conse¬ 
quently,  installation  officials  approved  implementing  the  system  in  the 
remaining  10  ECMs,  but  those  systems  were  not  powered  up  pending 
DDESB  approvals.  After  testing  of  the  magazine  with  the  active  EOP  sys¬ 
tem  was  completed,  the  test  results  were  presented  to  the  DDESB  for  ap¬ 
proval  to  implement  EOP  in  all  ECMs. 

Performance  metrics  (Chapter  3)  included  monitoring  the  temperature 
and  relative  humidity  inside  the  ECM  with  the  active  EOP  system  and 
comparing  the  results  with  outdoor  ambient  conditions  and  conditions  in¬ 
side  ECMs  with  no  active  EOP  system.  Also,  concrete  internal  moisture 
and  corrosion  coupon  data  were  collected  over  time  inside  the  EOP- 
protected  ECM  and  compared  with  analogous  data  collected  inside  and 
outside  an  ECM  without  its  EOP  system  energized. 

Appendix  A  of  this  report  is  the  project  management  plan  developed  for 
this  demonstration.  Appendix  B  is  the  contractor’s  planning  and  safety  do¬ 
cumentation.  Appendix  C  is  a  report  on  laboratory  testing  performed  for 
this  project.  Appendix  D  contains  the  EOP  system  design  details.  Appen¬ 
dix  E  is  a  report  on  the  full-scale  ECM  testing.  Appendix  F  includes  the 
materials  product  sheets  used  in  installing  the  EOP  system,  and  Appendix 
G  shows  the  as-built  drawings  for  the  EOP  system.  Appendix  H  is  a  draft 
Unified  Facilities  Guide  Specification  (UFGS)  for  EOP  implementation  in 
ECMs,  and  Appendix  I  is  a  draft  Unified  Facilities  Criteria  (UFC)  design 
guidance  document  for  EOP  technology. 
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2  Technical  Investigation 

2.1  Technology  overview 

EOP  technology  offers  an  alternative  to  conventional  water  control  tech¬ 
niques.  It  mitigates  water-seepage  problems  from  the  interior  of  affected 
areas  without  excavation.  EOP  reduces  corrosion  damage  to  indoor  mate¬ 
rials  and  equipment  and  eliminates  mold  problems  caused  by  moist  or 
highly  humid  environments.  EOP  technology  is  based  on  the  phenomenon 
of  electro-osmosis,  the  directed  migration  of  an  electrically  charged  liquid 
using  an  external  electric  field.  A  system  has  been  developed  to  apply  elec¬ 
tro-osmosis  for  control  of  water  intrusion  within  concrete  structures  by 
applying  a  pulsed  electric  field,  at  cost  savings  of  over  50  percent  com¬ 
pared  with  conventional  waterproofing  methods. 

Electro-osmosis  is  not  a  new  technology,  but  new  applications  are  still  be¬ 
ing  developed.  Research  has  shown  that  flow  is  initiated  when  cations  (po¬ 
sitively  charged  ions)  in  the  pore  fluid  of  a  porous  medium  such  as  con¬ 
crete  migrate  toward  a  cathode,  carrying  the  surrounding  water  with  them 
(Mclnerney  et  al.  20023).  Electro-osmosis  has  been  used  in  civil  engineer¬ 
ing  to  dewater  dredged  material  and  other  high-water-content  waste  solids 
(O’Bannon  19773 4 5).  It  also  has  been  used  to  consolidate  clays,  strengthen 
soft,  sensitive  clays,  and  increase  the  capacity  of  pile  foundations  (Chew  et 
al.  20035).  Electro-osmosis  has  also  received  significant  attention  as  a  me¬ 
thod  for  removing  hazardous  contaminants  from  groundwater  or  to  arrest 
water  flow  (U.S.  Patent  50749866). 

An  EOP  system  was  developed  by  ERDC-CERL  and  DryTronic,  Inc.,  to  ap¬ 
ply  electro-osmosis  commercially  within  concrete  structures  using  a 
pulsed  electric  field.  This  system  uses  two  sets  of  electrodes  —  one  set  em¬ 
bedded  just  below  the  surface  of  concrete  floors,  walls,  or  ceilings,  and  the 


3  Mclnerney,  M.,  et  al.  August  2002.  Electro-Osmotic  Pulse  (EOP)  Technology  for  Control  of  Water  See¬ 
page  in  Concrete  Structures,  ERDC/CERL  TR-02-21.  Champaign,  IL:  U.S.  Army  Engineer  Research  and 
Development  Center  -  Construction  Engineering  Research  Laboratory. 

4  O’Bannon,  C.  November  1977.  Field  Study  to  Determine  the  Feasibility  of  Electro-Osmotic  Dewatering 
of  Dredged  Material.  Vicksburg,  MS:  U.S.  Army  Waterways  Experiment  Station. 

5  Chew,  S.H.,  et  al.  2003.  A  Field  Trial  for  Soft  Clay  Consolidation  Using  Electric  Vertical  Drains.  Elsevier, 
Ltd. 

6  Probstein,  Ronald  F.,  Patricia  C.  Renaud,  Andrew  P.  Shapiro.  24  December  1991.  Electroosmosis  Tech¬ 
niques  for  Removing  Materials  from  Soil,  U.S.  Patent  5074986. 
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other  set  placed  either  in  the  surrounding  soil  or,  if  the  wall  is  thick,  deep 
within  the  concrete.  Pulsed  DC  voltage  is  applied  between  the  electrodes  to 
produce  an  electric  field  in  the  walls.  The  field  moves  water  from  inside  of 
a  concrete  structure  toward  the  outside,  reversing  or  preventing  moisture 
seepage  toward  the  interior  space.  A  positive  electrical  pulse  causes  cations 
(e.g.,  Ca++)  and  surrounding  water  molecules  to  move  from  the  dry  side 
(anode)  toward  the  wet  side  (cathode)  against  the  direction  of  flow  in¬ 
duced  by  the  hydraulic  gradient,  thus  preventing  water  penetration  into  a 
buried  or  submerged  concrete  structure  (Figure  2.1). 


-Volts 

-f-  Pulsed  DC  Power  Supply 


Cathode  -  Copper  Ground  Rod 
Embedded  in  Soil  3  to  5  feet 
from  Basement  Wall 


Anode  -  Mortared  in 
Basement  Wall  And / 
Floor 


Inside  Surface  of 
Basement  Wall 


Basement  Wall  Cross  Section 


Figure  2.1.  Schematic  diagram  of  the  EOP  system. 


The  Drytronic  system  has  received  numerous  technology  awards  both 
from  the  Army  and  industry,  including  the  2003  Army  Research  and  De¬ 
velopment  Award  and  the  2003  NOVA  Award  from  the  Construction  In¬ 
novation  Foundation.  It  also  was  one  of  the  three  finalists  for  the  Civil  En¬ 
gineering  Research  Foundation  (CERF)  Charles  Pankow  Award  in  2004 
and  2005.  In  addition,  it  has  been  published  in  technical  journals  and  con¬ 
ference  proceedings. 

2.2  Safety  testing  for  ECM  applications 

The  Fort  A.P.  Hill  safety  office  required  that  a  safety  text  be  performed  in 
the  laboratory  before  any  system  was  energized  in  a  full-scale  ECM.  The 
safety  requirements  were  coordinated  with  the  U.S.  Army  Technical  Cen¬ 
ter  for  Explosives  Safety  at  the  Defense  Ammunition  Center,  McAlester, 
OK.  McAlester  personnel  in  turn  consulted  with  the  DDESB  and  Army 
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Corps  of  Engineers  Design  Center,  Huntsville,  AL,  for  input  to  the  safety 
requirements. 

Safety  testing  consisted  of  initial  laboratory  testing,  followed  by  full-scale 
testing  in  one  of  the  smaller  magazines  at  Fort  A.P.  Hill.  Appendix  C  de¬ 
scribes  the  in-laboratory  testing,  and  Appendix  E  describes  the  full-scale 
testing.  EOP  system  performance  monitoring  began  with  the  full-scale  test 
magazine.  A  draft  UFGS  (Appendix  H)  and  UFC  (Appendix  I)  were  devel¬ 
oped  for  ECM  EOP  applications.  Also,  an  incidental  revision  was  made  to 
Technical  Manual  (TM)  5-622,  Maintenance  of  Waterfront  Facilities,  to 
incorporate  EOP  technology. 

2.3  Field  installation 

EOP  technology  was  installed  in  11  ECMs  at  Fort  A.P.  Hill,  VA,  between 
November  2006  and  March  2007.  The  magazines  are  typical  steel-arch 
earth-covered  structures  constructed  in  the  1950s.  The  magazines  consist 
of  a  reinforced  concrete  floor  with  reinforced  concrete  head  walls  at  each 
end.  The  side  walls  and  ceiling  consist  of  a  reinforced  knee  wall  approx¬ 
imately  15  in.  high  with  a  galvanized  corrugated  steel-panel  arch  bolted  on 
top  and  at  various  points  into  the  head  walls.  Figure  2.2  is  a  photograph  of 
the  exterior  of  a  typical  magazine.  EOP  systems  were  installed  in  maga¬ 
zines  of  two  different  sizes:  two  were  11  x  30  ft,  and  the  remaining  nine 
were  24  x  50  ft. 


Figure  2.2.  Typical  steel  arch  earth-covered  magazine. 
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2.4  Application  design  details 

An  application  design  for  ECMs  was  developed,  based  on  the  principles 
detailed  in  the  draft  UFC  reproduced  in  Appendix  I.  The  floor  section 
called  for  installation  of  anodes  (positive  electrodes)  in  the  wall/floor  junc¬ 
ture  around  the  perimeter  of  the  magazines,  and  also  in  the  construction 
joints  and  cold  joints  in  the  floors  and  walls.  Based  on  the  anode  place¬ 
ment,  cathodes  (negative  electrodes)  were  located  based  on  results  of  the 
laboratory  investigations  and  guidance  in  the  draft  UFC. 

Visual  investigation  of  the  magazines  indicated  that  most  of  the  water  in¬ 
trusion  was  coming  from  the  back  wall  and  the  interface  between  the  con¬ 
crete  and  the  corrugated  steel  arch.  Some  water  was  also  entering  through 
the  bolt  holes  and  joints  in  the  steel  arch.  To  stop  water  from  entering 
through  the  rear  wall,  the  design  called  for  installing  an  additional  anode 
part  way  up  the  rear  wall.  A  structural  analysis  of  the  back  wall  was  per¬ 
formed  to  determine  the  location  of  maximum  wall  moment  in  the  event  of 
an  accidental  explosion.  Anode  and  cathode  placement  design  in  that  wall 
avoided  a  section  2  ft  on  any  side  of  the  point  of  maximum  moment.  Ap¬ 
pendix  D  shows  the  design  calculations  used  in  that  determination. 

2.5  Installation  and  calibration 

The  components  of  an  EOP  system  are  specialty  electrodes  (anodes  and 
cathodes),  a  control  unit  (including  power  supply),  and  electrical  wiring. 
Installing  an  EOP  system  involves  the  following  steps: 

•  Locate  reinforcing  steel  in  the  concrete. 

•  Saw  cut  or  chip  slots  and  grooves  for  anode  placement. 

•  Drill  holes  through  the  concrete  for  cathodes. 

•  Drill  holes  in  concrete  to  provide  rebar  connections  for  stray-current 
protection. 

•  Cut  slots  to  embed  wiring  in  the  concrete. 

•  Seal  cracks  in  the  concrete. 

•  Install  anodes. 

•  Install  cathodes. 

•  Connect  wires  to  reinforcing  bars. 

•  Embed  lead  wires  in  the  concrete. 

•  Mount  connector  box  outside  the  magazine. 

•  Install  the  control  unit. 

•  Connect  power  from  the  control  unit  to  the  magazine. 
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•  Test  the  EOP  installation  and  ensure  that  all  of  the  water  leaks  are  ad¬ 
dressed. 

Appendix  E  provides  details  for  each  of  the  steps  listed  above. 

2.6  Technology  operation  and  monitoring 

The  EOP  application  at  Fort  A.P.  Hill  is  designed  to  remotely  monitor  sys¬ 
tem  daily  performance  using  a  dial-up  modem.  To  date,  however,  this  fea¬ 
ture  of  the  system  has  not  been  used  (see  section  3.4).  While  approvals  for 
system  use  in  the  subject  application  are  pending,  EOP  system  perfor¬ 
mance  has  been  directly  monitored  by  researchers  and  contract  personnel 
on  site.  Monitoring  procedures  include  measuring  concrete  moisture  over 
time,  installation  of  corrosion-rate  coupons,  and  periodic  measurement  of 
relative  humidity  and  air  temperature  inside  the  magazines.  Appendix  E 
provides  a  full  description  of  the  testing  and  monitoring  performed,  and 
the  results. 
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3  Discussion 

3.1  Metrics 

The  EOP  system  was  installed  in  accordance  with  ANSI/IEEE  142-2007, 
IEEE  Recommended  Practice  for  Grounding  of  Industrial  and  Commer¬ 
cial  Power  Systems.  Potential  hazards  posed  by  EOP  system  electromag¬ 
netic  radiation  were  tested  according  to  NAVSEA  OP  3565,  vol  II,  rev  16, 
Electromagnetic  Radiation  Hazards  (Hazards  to  Ordnance). 

Performance  metrics  for  the  EOP  system  involved  several  parameters  and 
measurement  methods.  Relative  moisture  was  measured  in  the  concrete 
using  a  Protimeter  Surveymaster™  moisture  meter  and  embedded  relative 
humidity /temperature  (RH/T)  sensors.  Additional  RT/H  sensors  were 
used  to  measure  the  air  moisture  at  surfaces  both  inside  and  outside  the 
magazines,  and  were  installed  both  in  magazines  with  EOP  and  without 
EOP  operating.  Corrosion-rate  coupons  were  installed  inside  magazines 
both  with  and  without  EOP  operating,  and  also  outside.  Finally,  the  corro¬ 
sion  rate  of  the  concrete  reinforcing  steel  was  monitored  as  described  un¬ 
der  “Reinforcing  steel  protection  evaluation,”  page  E9  in  Appendix  E. 

3.2  Laboratory  model  testing  results 

The  laboratory  safety  testing  carried  out  on  the  ECM  model  (Figure  3.1)  is 
described  in  Appendix  C,  and  the  results  are  summarized  below. 
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Figure  3.1.  Laboratory  model  of  ECM  used  for  initial  safety  testing. 


3.2.1  Sparking  potential 

Laboratory  tests  indicated  that  there  is  no  danger  of  a  spark  being  gener¬ 
ated  in  the  ECM  by  the  EOP  system.  Electrical  potentials  were  measured  at 
different  locations  in  the  model,  but  no  measurable  potentials  were  found. 
As  long  as  the  magazine  is  grounded  well,  there  is  no  potential  for  an  elec¬ 
trical  charge  to  build  up  on  the  steel  arch  inside  the  magazine. 

There  was  no  detectable  current  flow  onto  metal  objects  stored  inside  the 
ECM  with  a  functioning  EOP  system  in  the  laboratory.  Electrical  potential 
between  model  steel  pallets  was  zero. 

3.2.2  Lightning  grounding  interference 

It  was  found  that  there  is  no  significant  interfering  effect  between  the  EOP 
system  and  the  lightning  grounding  system  in  the  model  ECM. 

3.2.3  Concrete  drying 

The  concrete  in  the  ECM  model  was  saturated  and  placed  in  saturated  soil. 
The  EOP  system  was  able  to  dry  the  interior  surface  of  the  concrete  in 
model  ECM,  replicating  many  previous  laboratory  and  field  observations. 


ERDC/CERL  TR-09-23 


11 


3.2.4  Generation  of  hydrogen  gas 

By  taking  silver/silver  chloride  reference  cell  measurements  on  the  con¬ 
crete  base  of  the  model,  it  was  determined  that  the  EOP  system  will  not 
produce  hydrogen  gas.  The  electrochemical  potential  of  the  EOP  system 
DC  voltage  in  the  concrete  is  not  sufficient  to  produce  hydrogen  gas  (i.e., 
below  -0.981  v  measured  with  reference  to  a  saturated  calomel  electrode). 

3.3  Full-scale  ECM  testing  results 

As  in  the  laboratory  tests,  much  of  the  testing  performed  on  the  full-scale 
ECM  was  to  ensure  that  the  EOP  system  would  not  introduce  new  safety 
risks  to  personnel,  materiel,  or  ordnance.  Appendix  E  describes  the  testing 
results  in  detail,  and  a  summary  is  presented  below. 

3.3.1  Sparking  potential 

Sparking  potential  in  a  full-scale  ECM  was  determined  by  measuring  elec¬ 
trical  potential  differences  between  different  locations  on  the  corrugated 
steel  arch,  differences  between  the  arch  and  metal  pallets  positioned  inside 
the  magazine,  and  between  different  metal  pallets  positioned  on  the  floor 
of  the  magazine.  Tests  show  that  the  voltage  potential  at  1  mil  separation  is 
only  40%  of  the  value  necessary  to  produce  a  spark. 

3.3.2  Interaction  with  existing  lightning  protection  system 

The  EOP  system  was  installed  in  accordance  with  IEEE  practices  for 
lightning  protection,  as  noted  above  in  “Metrics.”  The  control  unit  is  well 
grounded  and  all  exterior  wiring  is  run  underground  in  non-conductive 
conduit. 

3.3.3  Generation  of  hydrogen  gas 

Silver-silver  chloride  half-cell  measurements  were  taken  inside  the  maga¬ 
zine  with  the  EOP  system  operating.  As  with  the  laboratory  tests,  the  elec¬ 
trical  potential  measured  in  the  concrete  is  not  high  enough  to  generate 
hydrogen  gas;  the  lowest  measured  value  is  above  the  potential  that  will 
produce  hydrogen  gas  in  concrete. 
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3.3.4  Water  intrusion  protection 

Concrete  moisture  was  measured  before  the  EOP  system  was  energized 
and  for  a  period  following  system  activation.  The  relative  concrete  mois¬ 
ture  was  measured  at  four  different  depths  at  three  different  locations 
around  the  magazine:  on  the  surface,  l  in.  deep,  5  in.  deep,  and  10  in.  deep 
in  11  in.  concrete  walls.  Figure  3.2  -  Figure  3.4  are  graphs  of  the  moisture 
measurements  at  the  three  locations  in  the  ECM  with  operational  EOP  (il¬ 
lustrated  in  Appendix  E,  Figure  E-43. 


Concrete  Moisture  vs  Depth 
Location  1 


-50  0  50  100  150  200  250  300 


Time  (days) 

— 1 0  in.  — 5  in.  —a—  1  in.  Surface 


Figure  3.2.  Plot  of  concrete  moisture  over  time  at  location  1  (Figure  E-42). 
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Figure  3.3.  Plot  of  concrete  moisture  over  time  at  location  2  (Figure  E-42). 


Concrete  Moisture  vs  Depth 
Location  3 


-50  0  50  100  150  200  250  300 

Time  (days) 

10  in.  -*-5  in.  1  in.  Surface 


Figure  3.4.  Plot  of  concrete  moisture  over  time  at  location  3  (Figure  E-42). 


Data  also  were  collected  with  an  RH/T  sensor  embedded  in  a  concrete 
knee  wall  near  the  midpoint  of  the  ECM  side  wall.  The  EOP  monitoring 
system  collects  the  relative  humidity  and  temperature  of  the  concrete  and 
logs  it  for  download  and  analysis. 
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Two  RH/T  sensors  and  data  loggers  are  located  in  the  magazine  with  the 
EOP  system  activated  and  in  three  other  magazines  where  the  system  is 
not  yet  energized.  In  addition,  there  is  an  RH/T  sensor  and  data  logger  lo¬ 
cated  approximately  200  yards  from  the  magazines  in  the  ammunition 
turn-in  yard,  exposed  to  the  outside  weather  conditions. 

3.3.5  Corrosion  protection  of  reinforcement  steel 

There  is  potential  for  an  EOP  system  to  induce  stray-current  corrosion  of 
the  reinforcing  steel  in  the  concrete  floor  and  walls  of  an  ECM,  as  illu¬ 
strated  in  Appendix  E,  Figure  E-37.  To  prevent  stray-current  corrosion 
from  occurring,  a  special  circuit  was  included  in  the  EOP  system  to  apply  a 
positive  charge  to  the  rebar  and  provide  a  route  for  current  reaching  the 
rebar  to  return  to  the  controller.  A  test  was  developed  to  determine  wheth¬ 
er  there  is  any  stray  current  corrosion  taking  place  in  the  structure.  Tests 
of  the  effectiveness  of  the  stray-current  protection  circuit  are  still  under 
way. 

3.3.6  Testing  for  electromagnetic  radiation  hazards 

As  noted  under  “Metrics”  above,  hazard  testing  was  performed  on  maga¬ 
zines  to  measure  electromagnetic  radiation  from  the  anodes  and  cathodes 
installed  in  the  magazines  and  to  detect  any  radio  frequency  (RF)  emis¬ 
sions  produced.  Because  of  the  arched  form  of  the  magazines,  RF  energy 
can  be  intensified  when  it  reflects  from  the  vault  ceiling,  similar  to  the  way 
a  parabolic  reflector  collects  and  focuses  relatively  weak  light  or  radio  sig¬ 
nals. 

Analysis  of  the  tests  was  recently  completed.  Although  the  official  test  re¬ 
port  has  not  been  furnished  to  ERDC-CERL  at  the  time  of  this  writing,  it 
has  been  communicated  verbally  that  the  EOP  system  produces  no  elec¬ 
tromagnetic  or  RF  emissions  that  would  be  hazardous  to  ordnance  7. 

3.3.7  Corrosion-rate  sampling  and  measurement 

Battelle  corrosion-monitoring  test  samples  were  used  to  measure  interior 
and  exterior  corrosion  rates.  Coupons  were  placed  in  two  ammunition 
bunkers  (magazines  2  and  12)  and  outdoors.  These  samples  were  replaced 


7  Personal  communication  to  Orange  S.  Marshall  from  Marquette  Poston,  principal  investigator,  Naval 
Surface  Warfare  Center  Dahlgren  Division,  E3  Assessment  and  Evaluation  Branch,  Dahlgren,  VA,  22 
April  2008. 
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about  every  3  months.  The  first  group  of  coupons  was  exposed  from  March 
-  June  2007,  and  the  second  group  was  exposed  June  -  August  2007. 
These  coupons  were  standard  metallic  specimens  used  by  Battelle  in 
worldwide  corrosion  monitoring  activities.  In  addition,  Battelle  provided 
corrosion  sensors  based  on  the  same  copper  and  steel  designs  used  in  oth¬ 
er  OSD  corrosion  monitoring  activities,  including  CPC  Project  FAR-15 
(Development  of  Corrosion  Indices  and  a  Life-Cycle  Prediction  Method). 
Figure  3.5  shows  the  test  rack  from  inside  the  magazine  with  active  EOP 
for  the  June  -  August  2007  time  frame,  and  Figure  3.6  shows  the  rack 
from  outside  exposure  for  that  same  time  period. 


Figure  3.5.  Test  samples  after  3  months  inside  ECM,  June  -  August  2007. 
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Figure  3.6.  Test  samples  after  3  months  exposure  outdoors,  June  -  August  2007. 


Based  on  analysis  of  the  first  two  3-month  samples  by  Battelle,  it  was  evi¬ 
dent  that  the  corrosion  rates  inside  magazines  2  and  12  were  low.  In  fact , 
the  only  samples  worth  analyzing  were  the  silver  coupons  (chlorides)  and 
steel  coupons  since  the  latter  had  a  very  small  amount  of  rust.  There  was 
no  corrosion  on  the  aluminum  samples  in  the  bunkers,  and  there  was  de¬ 
tectable  corrosion  outdoors.  Table  3.1  shows  the  chloride  film  thickness  for 
these  two  periods,  and  Table  3.2  shows  the  weight  losses  in  the  1010  steel 
coupons. 


Table  3.1.  Chloride  film  thickness  (angstroms  of  silver  chloride). 


Location 

Months  0-3 

Months  3-6 

Magazine  2 

67 

76 

Magazine  12 

84 

50 

Outdoors 

1267 

846 
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Table  3.2.  The  weight  loss  on  1010  steel. 


Location 

Weight  loss  (pm/cm2) 

Magazine  2 

1755 

Magazine  12 

1784 

Outdoors 

5097 

The  results  for  the  first  set  of  Battelle  coupons  show  a  typical  attenuation 
of  corrosion  (and  corrosion-causing  chlorides)  by  the  structure  as  com¬ 
pared  with  outdoor  ambient  conditions.  The  corrosion  rates  outdoors  at 
Fort  A.P.  Hill  would  be  considered  low-severity.  The  rates  inside  the  two 
monitored  bunkers  were  lower,  but  sufficient  to  allow  a  small  amount  (2  - 
5%  surface  coverage)  of  rust  formation  on  steel  in  3  months.  The  results 
for  the  second  Battelle  sample  set  showed  absolutely  no  corrosion  on  any 
coupons  inside  the  ECMs  (see  section  3.4,  “Lessons  learned,”  below). 

These  results  indicate  that  corrosive  conditions  are  not  a  significant  factor 
inside  the  two  monitored  ECMs  without  operational  EOP.  At  this  point  in 
time  not  enough  data  are  available  to  conclude  whether  there  are  any  sig¬ 
nificant  differences  in  corrosion  rate  between  the  two  magazines. 

The  Battelle  coupon  results  were  confirmed  by  exposure  of  copper  and 
steel  corrosion  sensors.  Corrosion  activity  could  be  seen  on  both  types  of 
coupon.  The  corresponding  sensor  output  values  obtained  (in  voltage)  are 
shown  in  Table  3.3. 


Table  3.3.  Corrosion  sensor  voltage. 


Location 

Steel 

Copper 

Magazine  2 

0.052 

0.0 

Magazine  12 

0.296 

0.053 

Outdoors 

1.533 

0.133 

These  data  are  useful  as  a  demonstration  of  a  simple  alternative  corrosion 
monitoring  technique.  The  typical  uncertainty  in  these  measurements  on 
the  scale  used  here  is  about  +/-0.01. 


The  data  for  the  second  3  month  period  through  November  2007  were  es¬ 
sentially  the  same  (see  Table  3.1). 
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3.4  Lessons  learned 

The  ammunition  storage  magazines  at  Fort  A.P.  Hill  were  not  the  ideal  site 
for  this  demonstration  in  terms  of  documenting  impacts  on  corrosion.  The 
atmosphere  at  Fort  A.P.  Hill  is  relatively  noncorrosive,  the  relative  hu¬ 
midity  is  typically  not  extremely  high,  the  ordnance  stored  in  the  maga¬ 
zines  is  not  of  high  value,  and  the  turnover  of  inventory  is  high  so  that  the 
ordnance  is  not  generally  stored  there  for  long  periods  of  time. 

The  EOP  system  was  energized  on  2  November  2006.  On  25  January 
2007,  during  field  testing,  the  system  quit  pulsing.  The  system  was  de¬ 
energized  and  a  new  control  unit  was  designed.  The  new  control  unit  was 
designed  so  that  (1)  EOP  in  all  the  magazines  could  be  controlled  by  a  sin¬ 
gle,  centrally  located  control  unit  instead  of  a  separate  controller  in  each 
ECM,  (2)  it  could  store,  on  an  internal  data  logger,  date,  time,  voltage,  cur¬ 
rent,  temperature,  and  relative  humidity  for  each  magazine,  and  (3)  con¬ 
tained  a  telephone  modem  for  notifying  the  installer  of  system  failures  and 
downloading  of  stored  data.  The  new  control  unit  was  manufactured  and 
installed  in  June  2007.  During  a  site  visit  on  2  October  2007,  it  was  dis¬ 
covered  that  the  EOP  system  had  quit  working.  Examination  of  the  control 
unit  showed  that  the  main  bus  card  in  the  controller  had  failed.  Data  re¬ 
trieved  from  the  controller  data  logger  contained  data  starting  19  June  and 
ending  29  July  2007.  The  card  was  removed  and  shipped  to  the  manufac¬ 
turer  for  repair.  The  repaired  card  was  installed  in  on  29  November  2007 
and  the  EOP  system  reactivated.  In  January  2008,  permission  was  granted 
to  connect  the  modem  to  a  telephone  line. 

The  RH/T  sensor  and  data  logger  in  the  rear  of  the  test  magazine  with 
EOP  was  apparently  damaged  or  dislodged  while  material  was  being 
moved  inside  the  ECM  sometime  around  2  March  2007;  data  from  3 
March  -  10  July  2007  are  missing.  A  replacement  sensor  and  data  logger 
were  installed  on  10  July. 

The  RH/T  sensor  and  data  logger  collecting  outdoor  data  failed  to  operate 
from  13  December  2006  -  8  March  2007  because  the  sensor  had  not  been 
reinitialized  according  to  manufacturer  instructions  after  the  previous  data 
download.  Because  some  brands  of  RH/T  sensor  need  to  be  reinitialized 
after  data  download  while  others  do  not,  the  responsible  individual  must 
be  aware  of  each  sensor’s  specific  reinitialization  requirements  in  order  to 
avoid  data  loss.  Extra  care  is  needed  to  reinitialize  the  sensor  following  da¬ 
ta  downloads. 
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Because  of  the  applicable  safety  requirements  and  approvals,  the  EOP  sys¬ 
tem  has  been  operational  in  only  one  empty  ECM.  After  all  of  the  data 
have  been  analyzed,  it  will  be  reviewed  by  the  U.S.  Army  Technical  Center 
for  Explosives  Safety  and  the  Department  of  Defense  Explosives  Safety 
Board.  Once  the  safety  of  EOP  technology  is  approved  for  use  in  ECMs,  the 
EOP  systems  will  be  activated  in  the  other  magazines  at  Fort  A.P.  Hill,  and 
the  technology  will  be  cleared  for  use  in  other  ECMs  worldwide.  At  this 
writing,  the  expected  date  of  approval  is  on  or  about  8  May  2008. 

During  testing  for  HERO  it  was  discovered  that  nearby  buried  60  Hz  elec¬ 
trical  cable  was  inducing  an  electromagnetic  field  onto  the  DC  leads  for  the 
EOP  system.  The  EOP  DC  leads  must  not  be  installed  near  other  buried 
power  lines  and  must  not  run  parallel  to  them.  There  should  be  a  mini¬ 
mum  of  1  ft  separation  between  the  DC  leads  and  buried  power  cables,  or 
the  power  cables  should  be  adequately  shielded  to  avoid  electromagnetic 
induction  on  the  DC  leads. 
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4  Economic  Summary 

4.1  Costs  and  assumptions 

The  cost  to  remove  the  soil  cover  and  add  a  waterproofing  membrane  is 
estimated  by  the  Fort  Hill  Director  of  Logistics  to  be  $500,000  for  three 
ECMs,  or  $167,000  each.  Eleven  ECMs  at  the  demonstration  site  were 
subject  to  water  intrusion  problems,  so  it  would  cost  $1,837,000  to  ad¬ 
dress  water  intrusion  in  all  11  magazines  using  conventional  methods. 
Based  on  experience  with  waterproofing  membranes,  it  is  estimated  that 
the  waterproofing  will  fail  and  need  replacement  within  7  years  due  to  ma¬ 
terials  degradation,  damage  during  construction,  and  damage  by  ground¬ 
hogs. 

The  contract  cost  to  install  an  EOP  system  in  11  ECMs  was  $565,659.  An 
additional  cost  of  $16,670  was  incurred  to  redesign  and  assemble  the  con¬ 
trol  unit,  bringing  the  total  cost  of  the  EOP  system  installation  to 
$582,329.  The  electrical  power  to  operate  the  EOP  systems  for  a  year  is 
estimated  to  be  less  than  0.5  kilowatts,  for  an  estimated  cost  of  $120  per 
year  (2008  dollars).  EOP  system  maintenance  and  repair  consists  of 
changing  a  circuit  breaker  every  few  years  and  the  system  controller 
around  year  20,  at  a  cost  of  $1,500  net  present  value. 

Installation  of  an  EOP  system  will  provide  a  cost  avoidance  for  corrosion- 
related  maintenance  and  repair  to  doors  and  hardware  in  the  ECMs  of 
$24,000  every  2  years.  An  additional  cost  avoidance  of  $1,000  per  ECM, 
or  $11,000,  can  be  realized  every  year  by  eliminating  the  need  for  water 
cleanup  and  preventing  losses  to  pallets  and  other  dunnage  needed  to  keep 
materiel  dry.  In  addition,  it  is  estimated  that  prolonged  heavy  rains  could 
result  in  $600,000  losses  in  materiel  stored  in  ECMs  per  year,  and 
$75,000  of  delayed  or  lost  training  due  to  water  (or  ice  if  the  weather  is 
cold  enough)  in  the  igloos. 

Because  of  the  structural  degradation  of  the  ECMs  resulting  from  water 
intrusion,  it  is  estimated  that  the  magazines  have  a  useful  remaining  life  of 
less  than  15  years.  The  replacement  cost  of  an  ECM  is  estimated  to  be 
$425,000,  or  $4,675  million  for  all  11  magazines.  Assuming  that  the  ECMs 
are  replaced  at  year  10  and  an  EOP  system  is  installed  at  that  time,  the  risk 
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of  materiel  replacement  due  to  water  damage  will  end  at  that  time,  as  will 
costs  associated  with  cleanup  and  training  loss. 

4.2  Projected  return  on  investment  (ROI) 

Based  in  the  costs  and  assumptions  stated  above,  the  projected  return  on 
investment  is  38.04.  Table  4.1  is  a  summary  of  the  ROI  computation. 


Table  4.1.  Estimated  ROI  computation  sheet. 
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5  Conclusions  and  Recommendations 

5.1  Conclusions 

•  Implementation  of  EOP  technology  stops  water  intrusion  through  con¬ 
crete  into  ECMs. 

•  There  is  no  danger  of  a  spark  being  generated  in  an  ECM  due  to  the  op¬ 
erating  EOP  system. 

•  The  EOP  system  will  not  cause  hydrogen  gas  formation  at  the  reinforc¬ 
ing  bars. 

•  The  EOP  system  will  maintain  a  dry  interior  concrete  surface  in  ECMs. 

•  An  operating  EOP  system  does  not  have  any  impact  on  the  existing 
lightning  protection  systems  in  an  ECM. 

•  Electromagnetic  and  RF  energy  produced  by  the  EOP  system  is  being 
evaluated,  but  no  hazardous  effects  have  thus  far  been  detected. 

5.2  Recommendations 

5.2.1  Applicability 

The  results  of  this  demonstration  show  the  capability  of  EOP  to  dry  under¬ 
ground  concrete  structures.  It  is  recommended  that  EOP  be  applied  to 
ECMs  where  water  damage  to  the  storage  bunker  or  the  ordnance  is 
known  to  be  caused  by  water  intrusion.  The  fullest  potential  ROI  for  im¬ 
plementing  this  technology  will  be  realized,  however,  only  where  atmos¬ 
pheric  or  interior  conditions  are  known  to  be  corrosive  at  the  location  of 
the  ECM. 

5.2.2  Implementation 

The  implementation  of  EOP  in  ECMs  should  be  formalized  in  Unified  Fa¬ 
cilities  Guide  Specifications  (UFGS)  and  Unified  Facility  Criteria  (UFC). 
Draft  language  for  a  proposed  UFGS  is  provided  in  Appendix  H,  and  draft 
language  for  a  proposed  UFC  is  provided  in  Appendix  I. 
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1.  STATEMENT  OF  NEED 

PROBLEM  STATEMENT:  The  Army  and  DoD  facilities  as  well  as  the  Federal 
Government  and  private  sector  all  experience  the  problem  of  water  intrusion  with 
on  grade  and  below  grade  structures  such  as  basements  and  other  buried  struc¬ 
tures.  Fort  A.P.  Hill  has  a  severe  moisture  intrusion  problem  with  large  volumes  of 
water  seeping  through  concrete  walls,  floors,  and  wall-ceiling  joints  of  Ammuni¬ 
tion  Storage  igloos  at  that  location.  During  periods  of  high  rainfall,  the  water 
depth  inside  the  bunkers  has  reached  1  Vi  inches  in  the  past.  The  igloos  are  used 
for  storage  of  a  wide  variety  of  explosive  ordinance  from  small  arms  to  artillery 
rounds  as  well  as  fuses,  shape  charges,  hand  grenades,  and  pyrotechnics  to  name  a 
few.  The  water  intrusion  through  the  structure  not  only  causes  corrosion  of  the 
ammunition  and  equipment  within  the  igloos,  it  corrodes  the  steel  reinforcement 
in  the  concrete  (Figure  1).  The  moisture  intrusion  not  only  promotes  severe 
corrosion  but  also  contributes  to  poor  air  quality  aggravating  asthma  and 
allergies  of  soldiers  working  in  these  confined  spaces  through  promotion  of 
mold  and  bacteria  growth  and  propagation.  The  conventional  trench  and  drain 
tile  method  is  very  labor  intensive,  time  consuming,  disruptive,  and  prone  to  fail¬ 
ure.  It  can  not  address  water  intrusion  through  floor  cracks. 

IMPACT  STATEMENT:  If  this  project  is  not  funded,  the  severe  corrosion  of 
vital,  mission  essential  munitions  and  other  metal  equipment  in  the  ammuni¬ 
tion  storage  igloos  will  continue.  In  addition,  the  corrosion  of  the  steel  rein¬ 
forced  concrete  will  result  in  structural  degradation.  According  to  Mr.  John 
Theis  and  Mr.  Hilton  Mills  of  AMC,  this  project  has  the  potential  for  far-reaching 
impact  across  the  Army.  In  addition  the  project  also  has  far  reaching  impact  on  the 
Tri-services,  as  well  as  other  federal  agencies  including  the  Department  of  Alco¬ 
hol,  Tobacco,  and  Firearms  (ATF).  The  technology  has  direct  applicability  to  am¬ 
munition  storage  facilities  in  Theater  of  Operations  and  other  forward  locations. 
The  igloos  store  materiel  that  is  used  for  training  soldiers,  marines  and  ATF  agents 
on  a  daily  basis.  The  water  intrusion  results  in  ammunition  boxes  getting  wet  or 
damp  and  corrosion  of  metal  boxes.  The  dampness  promotes  mold  growth  on  the 
boxes  and  the  materiel  inside.  Cracks  in  the  floors  and  walls  are  affected  in  freez¬ 
ing  weather  causing  further  crack  growth  from  freezing  water  further  exposing 
steel  reinforcement  in  the  concrete  to  corrosion.  The  frozen  water  on  the  floor  also 
becomes  a  safety  hazard  for  fork  lift  operators  and  prevents  or  severely  impacts 
delivery  of  munitions  for  troop  training.  These  and  other  effects  of  water  intrusion 
on  soldiers  and  users  of  this  structure  will  continue  if  the  water  intrusion  is  not 
properly  eliminated.  Electro-osmotic  pulse  (EOP)  is  capable  of  maintaining  the 
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level  of  interior  humidity  at  or  less  than  55%  RH  to  prevent  corrosion  and  mold 
growth  in  and  around  the  equipment. 

2.  PROPOSED  SOLUTION 

TECHNICAL  DESCRIPTION:  Electro-osmotic  pulse  (EOP)  technology  offers 
an  alternative  to  conventional  water  control  techniques.  EOP  mitigates  water- 
seepage  problems  from  the  interior  of  affected  areas  without  excavation.  This  re¬ 
sults  in  reduced  corrosion  damage  to  indoors  materials  and  equipment  and  elimi¬ 
nation  of  mold  problems  caused  by  the  moist,  humid  environment.  EOP  technolo¬ 
gy  is  based  on  the  concept  of  electro-osmosis;  the  movement  of  an  electrically 
charged  liquid  under  the  influence  of  an  external  electric  field.  A  system  has  been 
developed  to  apply  electro-osmosis  for  control  of  water  intrusion  within  concrete 
structures  by  applying  a  pulsating  electric  field,  with  a  savings  of  over  50  percent 
over  conventional  waterproofing  methods.  The  calculated  return  on  investment 
(ROI)  for  this  project,  which  is  based  on  current  best  practices,  projected  main¬ 
tenance  and  rehab  cost,  is  8.32  with  estimated  savings  of  $8.7M.  If  this  technolo¬ 
gy  is  not  implemented,  these  benefits  for  the  Tri-services  will  not  be  realized. 


Safety  is  an  important  issue  with  application  to  ammunition  storage  structures. 
Based  on  previous  studies  of  EOP  and  experience  using  EOP,  there  is  no  risk  of 
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spark  associated  with  the  use  of  the  system.  The  electric  field  generated  by  the 
EOP  system  is  between  the  anode,  embedded  in  the  concrete  and  the  cathode,  em¬ 
bedded  in  the  soil  outside  the  structure.  As  a  part  of  the  project  ERDC-CERL  will 
perfonn  a  safety  hazard  study  to  reconfirm  that  there  is  no  risk  of  sparking  to  oc¬ 
cur.  In  addition  the  system  will  be  designed  and  installed  in  accordance  with  the 
provisions  in  DA  PAM  385-64,  U.S.  Army  Explosive  Safety  Program,  and  Ar¬ 
ticles  500-503  of  the  National  Electrical  Code  that  deal  with  electricity  in  explo¬ 
sive  environments. 

Since  the  electric  field  generated  by  EOP  occur  between  the  anode  and  cathode 
the  EOP  system  will  not  have  any  effect  on  metal  or  other  material  in  contact  with 
the  concrete  inside  the  igloos. 

Technical  Maturity: 

Electro-osmosis  is  not  a  new  technology  although  new  applications  are  still  being 
developed.  Research  has  shown  that  flow  is  initiated  by  the  movement  of  cations 
(positively  charged  ions)  present  in  the  pore  fluid  of  a  porous  medium  such  as 
concrete;  and  the  water  surrounding  the  cations  moves  with  them.  Electro¬ 
osmosis  has  been  used  in  civil  engineering  to  dewater  dredgings  and  other  high- 
water  content  waste  solids,  consolidate  clays,  strengthen  soft  sensitive  clays,  and 
increase  the  capacity  of  pile  foundations.  It  has  also  received  significant  attention 
as  a  method  to  remove  hazardous  contaminants  from  groundwater  or  to  arrest  wa¬ 
ter  flow. 

A  system  has  been  developed  by  CERL  and  DryTronic,  Inc.,  to  apply  electro¬ 
osmosis  commercially  within  concrete  structures  by  applying  a  pulsating  electric 
field.  It  is  called  electro-osmotic  pulse  (EOP).  It  uses  two  sets  of  electrodes;  one 
set  is  embedded  just  below  the  surface  of  the  concrete  walls  and  the  other  set  is 
placed  either  in  the  surrounding  soil  or  if  the  wall  is  thick,  deep  in  the  concrete 
wall.  A  pulsing  DC  voltage  is  applied  between  the  electrodes  to  produce  an  elec¬ 
tric  field  in  the  walls,  which  moves  water  from  the  dry  side  (interior)  of  the  walls 
toward  the  wet  side,  preventing  moisture  from  reaching  the  interior  surface  of  the 
concrete.  The  positive  electrical  pulse  causes  cations  (e.g.,  Ca++)  and  surrounding 
water  molecules  to  move  from  the  dry  side  (anode)  towards  the  wet  side  (cathode) 
against  the  direction  of  flow  induced  by  the  hydraulic  gradient,  thus  preventing 
water  penetration  through  a  buried  or  submerged  concrete  structure  (Figure  2). 
Field  tests  were  conducted  to  assess  the  feasibility  and  cost  effectiveness  of  this 
EOP  technology  in  comparison  with  conventional  dampness  mitigation  tech- 


ERDC/CERL  TR-09-23 


A5 


niques,  on  selected  concrete  structures  concluding  that  significant  cost  savings 
can  be  realized  using  the  technology. 

The  Technology  has  received  numerous  awards  both  by  the  Anny  and  industry 
including  the  2003  Army  R&D  Award  and  the  2003  NOVA  award  for  innovation. 
It  was  one  of  the  three  finalists  for  the  CERF  Charles  Pankow  Arard  in  2004  and 
2005.  In  addition,  it  has  been  published  in  a  variety  of  journals  and  conference 
proceedings. 


-Vohs 

-f-  Pulsed  DC  Power  Supply 


Cathode  -  Copper  Ground  Rod 
Embedded  in  Soil  3  to  5  feet 
from  Basement  Wall 


Soil  Side  of 
Basement  Wall 


Anode  -  Mortared  in 
Basement  Wall  And / 
Floor 


Inside  Surface  of 
Basement  Wall 


Basement  Wall  Cross  Section 


Figure  2:  Schematic  diagram  of  the  Electro-Osmotic  Pulse  system. 


Users  of  this  technology  will  be  Directorates  of  Public  Works  and  other  building 
maintenance  and  management  officials. 
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Water  Intrusion  in  Below  Grade  Concrete  Structures,  Vincent  Hock,  Orange  Mar¬ 
shall,  Michael  Mclnerney,  and  Sean  Morefield,  Proceedings:  1st  Congress  of  Cor¬ 
rosion  in  the  Military,  June  2005,  Sorento,  Italy 

7.  Patent:  “Electro-osmotic  pulse  (EOP)  system  incorporating  a  durable  dimen¬ 
sionally  stable  anode  and  method  of  use  therefore”,  (COE  Case  #  506)  published 
13  Nov  2003,  Publication  #  2003-0209437  A1 

RISK  ANALYSIS:  This  is  a  low  risk  project  in  that  the  technology  is  commer¬ 
cially  available  and  has  been  demonstrated  to  be  effective  in  controlling  water  in¬ 
trusion  in  both  government  and  private  applications.  The  project  will  be  imple¬ 
mented  in  eleven  ammunition  storage  igloos  at  Fort  A.P.  Hill,  VA. 

EXPECTED  DELIVERABLES  AND  RESULTS/OUTCOMES:  An  EOP  sys¬ 
tem  will  be  installed  in  eleven  ammunition  storage  igloos  at  Fort  A.P.  Hill.  These 
buried  structures  have  concrete  walls  on  the  front  and  back  and  corrugated  steel 
arch  ceilings  mounted  on  top  of  fifteen  inch  high  concrete  side  walls.  Water  seeps 
through  the  concrete  rear  and  side  walls,  the  concrete  floors  and  at  the  concrete- 
steel  ceiling  juncture  creating  an  environment  for  active  corrosion  to  occur  in  the 
ammunition  and  other  explosives  components  stored  in  the  igloos.  This  is  a  prob¬ 
lem,  not  only  at  Fort  A.P.  Hill,  but  at  many  military  installations,  arsenals  and 
other  underground  structures  where  munitions  are  kept.  As  the  structures  age,  the 
original  waterproofing  deteriorates  and  cracks  develop  in  the  concrete  allowing 
water  to  enter.  The  waterproofing  approach  of  excavating  to  expose  the  wall  area 
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and  the  base  of  the  foundation,  and  then  to  install  or  replace  damp-proofing  on  the 
wall  and  ceiling  surface  and  a  drain  tile  system  around  the  igloos  is  not  a  practical 
solution  to  the  problem  since  these  are  buried  structures. 

It  is  expected  that  the  outcome  will  be  permanently  dry  interiors  for  the  igloos  re¬ 
sulting  in  reduced  corrosion  and  extended  life,  safety  and  reliability  of  the  muni¬ 
tions  and  equipment  stored  in  them.  To  verify  the  moisture  reduction,  tempera¬ 
ture-humidity  sensor  will  be  installed  to  record  changes  in  humidity  and  corrosion 
rates  will  be  detennined  and  tracked  by  installing  metal  coupons  and  monitoring 
corrosion  rates  of  those  coupons.  Unified  Facilities  Guide  Specifications  (UFGS), 
Engineering  Instructions  (El),  Technical  Instructions  (TI),  and  Technical  Manuals 
(TM),  including  updates,  along  with  a  final  report  describing  the  details  of  the 
project,  will  be  developed  and  posted  on  the  OSD  Corrosion  Exchange  website 
under  “Spec  &  Standards”  and  “Facilities  SIG.”  In  addition,  the  draft  documents 
will  be  posted  on  the  ERDC-CERL  Corrosion  Control  Program  Technology  Pro¬ 
gram  (CCTP)  website. 

PROGRAM  MANAGEMENT:  The  Project  Manager  will  be:  Mr.  Vincent  Hock 
(ERDC-CERL  Senior  Researcher  and  Materials  Engineer).  The  Associate  Project 
Manager  will  be:  Mr.  Orange  Marshall.  Mr.  Martin  Savoie  is  the  ERDC/CERL 
Branch  Chief.  The  stakeholders  will  be:  Mr.  John  Hall  (Fort  A.P.  Hill  DPW  POC), 
Mr.  Bill  Dancy  (IMA-NERO),  Paul  Volkman  (HQ-IMA),  David  Purcell  (HQ- 
ACSIM),  John  Theis  (AMSRD-AAR-AEE-P),  Hilton  Mills  (AMC-G3),  as  well  as 
Tri-services  WIPT  representatives,  Mr.  Tom  Tehada  (NFESC),  and  Ms.  Nancy 
Coleal  (AFCESA/CESM).  The  initial  customer  is:  Directorate  of  Public  Works, 
Fort  A.P  Hill,  VA.  The  technology  has  been  requested  by  Fort  A.P.  Hill  to  help 
prevent  water  intrusion  and  improve  corrosion  control  inside  their  ammunition 
storage  igloos. 

The  Army  has  provided  matching  funds  ($500K)  through  HQ-IMA  (See  Memo¬ 
randum  from  AC  SIM  Director  for  Facilities  and  Housing  in  Appendix  2).  Coordi¬ 
nation  with  the  Anny  Corrosion  Program  Office  will  be  through  Mr.  Hilton  Mills 
(HQ-AMC). 

This  is  a  Tri-service  Project.  Funds  have  been  requested  for  travel  of  Air  Force 
and  Navy  representatives  to  participate  in  the  evaluation  of  technology  implemen¬ 
tation.  The  approach  will  include  contacting  mechanisms  such  as  Indefinite  Deli¬ 
very  Indefinite  Quantity  (IDIQ)  Contract. 
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3.  COST/BENEFITS  ANALYSIS 
a.  Funding  ($K): 


Funding  Source 

OSD 

Matching 

Labor 

265 

295 

Materials 

25 

55 

Travel 

15 

10 

Report 

15 

10 

Air  Force/Navy  Participation 

15 

— 

SUBTOTAL 

335 

370 

Overhead 

165 

180 

TOTAL  ($K) 

500 

550 

Development  Project  Budget 

The  $1000K  budget  is  realistic  and  adequate  for  the  project  scope.  This  budget 
has  been  developed  based  on  a  detailed  needs  assessment  for  the  EOP  Technology 
in  cooperation  with  the  Fort  A. P.  Hill  DPW  Office,  including  Mr.  John  Hall,  Di¬ 
rector  of  Logistics.  Also,  HQ-IMA  and  HQ-ACSIM  have  reviewed  this  project 
and  have  provided  matching  funds  ($500)  for  FY06.  ERDC-CERL  has  conducted 
a  market  survey  to  validate  the  costs  for  this  project,  which  have  also  been  extra¬ 
polated  from  ERDC-CERL’s  extensive  previous  experience  in  the  area. 

This  project  has  a  high  discounted  potential  ROI>8,  as  shown  below. 


b.  Return-On-Investment  Computation 
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1)  Useful  Life  Savings  (ULS)  is  equal  to  the  “Net  Present  Value  (NPV)  of 
Benefits  and  Savings”  calculated  from  the  Spreadsheet  shown  in  Ap¬ 
pendix  1  that  is  based  on  Appendix  B  of  OMB  Circular  A94. 

ULS  =  8,736K  (from  OMB  Spreadsheet  in  Appendix  1 .  Assumptions 
for  this  calculation  are  also  given  in  Appendix  1). 

2)  Project  Cost  (PC)  is  shown  as  “Investment  Required”  in  the  OMB 
Spreadsheet  in  Appendix  1;  PC=$1,050K. 

3)  ROI  -  Computation 

ULS  8,736K 


ROI  = - = - =  8.32 


PC  1050K 


The  calculated  ROI  for  this  project,  which  is  based  on  current  best 
practices,  projected  maintenance  and  rehab  cost,  has  the  potential  to 
increase  over  the  multiple  year  implementation  due  to  reduction  in 
down  time,  which  will  result  in  increased  indirect  savings. 

c.  Mission  Criticality 

The  operational  benefits  of  implementation  of  this  technology  for  these  mis¬ 
sion  critical  systems  are  reduced  corrosion,  enhanced  life  cycle  costs,  in¬ 
creased  life-safety  of  soldiers,  and  greater  reliability  of  ammunition  and 
equipment. 

4.  SCHEDULE 


MILESTONE  CHART 


EVENT 


TIME  (months 
after  receipt  of 
funds) 


Award  Contract 


1 
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Site  Visit  to  construction  site  2 

Perfonn  Safety  Study  3 

Develop  final  EOP  design  3 

Begin  EOP  installation  4 

Complete  EOP  installation  8 

Perfonn  Follow  Up  Assessment  10 

Complete  Documentation  (includes  Final 
Report,  Procurement  Specification,  Ad 
Fliers)  12 

Complete  ROI  Validation  12 


a.  Note:  If  project  is  approved,  bi-monthly  status  reports  will  be  submit¬ 
ted  (i.e.  starting  the  first  week  of  the  second  month  after  contract 
award  and  every  two  months  thereafter  until  final  report  is  completed). 
This  report  will  be  submitted  to  the  DoD  CPC  Policy  &  Oversight  of¬ 
fice.  Report  will  include  project  number,  progress  summary  (and/or 
any  issues),  perfonnance  goals  and  metrics  and  upcoming  events. 

b.  Examples  of  perfonnance  goals  and  metrics:  include  achieving  specif¬ 
ic  milestones,  showing  positive  trend  toward  achieving  the  forecasted 
ROI,  reaching  specific  performance  quality  levels,  meeting  test  and 
evaluation  parameters,  and/or  successfully  demonstrating  a  new  sys¬ 
tem  prototype. 

Development  Project  Schedule 

This  project  to  implement  an  EOP  installation  project  will  be  completed,  includ¬ 
ing  final  report,  within  18  months.  The  goals  of  the  project  are:  elimination  of 
water  in  the  ammunition  storage  igloos,  eliminate  corrosion  and  equipment 
problems  and  potential  problems  associated  with  water  intrusion  into  the  ig¬ 
loos,  and  improve  the  air  quality  in  the  igloos.  The  objectives  are  installation 
of  EOP  and  elimination  of  water  seepage  through  the  concrete  walls  and 
floor.  Detailed  milestones  are  given  in  the  schedule  section.  Contractors  will  pro- 
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vide  implementation  of  the  EOP  system.  ERDC-CERL  will  provide  overall  man¬ 
agement,  contract  monitoring  and  provide  bi-monthly  reports.  Existing  contract 
mechanisms,  such  as  IDIQ  and  BAA  will  be  used.  ERDC-CERL  will  be  able  to 
award  the  contracts  within  60  days  of  receipt  of  funds.  The  schedule  has  been 
coordinated  with  Fort  A. P.  Hill  DPW.  Potential  contractors  have  been  identified. 

5.  IMPLEMENTATION 

a.  Transition  approach:  Unified  Facilities  Guide  Specifications  (UFGS),  Engi¬ 
neering  Instructions  (El),  Technical  Instructions  (TI),  and  Technical  Manuals 
(TM),  including  updates,  along  with  a  final  report  describing  the  details  of  the 
project,  will  be  developed  and  posted  to  the  OSD  Corrosion  Exchange  website 
under  “Spec  &  Standards”  and  “Facilities  SIG.”  In  addition,  the  guidance  will  be 
ERDC-CERL  Corrosion  Prevention  and  Control  Program  (CPCP)  website.  Coor¬ 
dination  with  potential  users  will  be  an  essential  part  of  the  transition  of  the  tech¬ 
nology. 

It  is  the  intent  of  the  Project  Management  Plan  (PMP)  to  implement  this  corrosion 
prevention  and  control  technology  at  multiple  regions  and  installations  over  the 
next  6  years,  according  to  the  schedule  shown  below.  The  UFGS,  Els,  TIs,  and 
TMs,  including  updates  to  existing  guidance  documents,  developed  for  Army¬ 
wide  implementation  during  the  FY06  project,  will  be  utilized  to  facilitate  imple¬ 
mentation  at  other  DoD  installations.  ERDC-CERL  will  seek  support  from  the 
Anny  to  transfer  the  technology  to  other  military  installations  around  the  world. 

b.  Potential  ROI  validation:  Potential  ROI  will  be  validated  by  comparison  of 
the  building  upgraded  with  the  EOP  system,  versus  the  existing  building  and 
equipment.  A  panel  of  representatives  from  CERF,  NFESC  and  HQAFCESA  will 
conduct  ROI  validation.  The  calculated  ROI  for  this  project,  which  is  based  on 
current  best  practices,  projected  maintenance  and  rehab  cost,  has  the  potential  to 
increase  over  the  multiple  year  implementation  due  to  reduction  in  down  time, 
which  will  result  in  increased  indirect  savings. 

c.  Final  Report:  A  final  report  will  be  written  60  days  after  the  project  is  com¬ 
pleted.  The  report  will  reflect  the  project  plan  format  as  implemented  and  will  in¬ 
clude  lessons  learned. 

Projected  Benefits: 

Based  on  the  past  record  of  implementing  these  technologies  at  Anny  installa¬ 
tions,  the  EOP  system  upgrades  are  projected  to  provide  the  benefits  of  elimina- 
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tion  of  water  intrusion  in  ammunition  storage  igloos,  resulting  in  reduced  corro¬ 
sion  of  munitions  and  equipment.  Energy  and  maintenance  requirements  for  sump 
pumps  will  also  be  realized.  The  return  on  investment  for  this  implementation 
was  calculated  to  be  8.3  using  discounted  dollars  with  projected  lifetime  sav¬ 
ings  of  $8,736K. 

Operational  Readiness 

The  EOP  system  is  commercially  available  and  ready  for  implementation  as  solu¬ 
tions  to  the  corrosion  problems  caused  by  water  seepage  through  concrete  walls 
and  floors  at  Fort  A.P.  Hill.  Based  on  previous  experience,  this  project  will  elimi¬ 
nate  water  seepage,  corrosion  associated  with  it,  eliminate  the  risk  of  loss  of  mu¬ 
nitions  and  equipment  and  enhance  the  air  quality  in  the  interior  of  buried  struc¬ 
tures  at  Fort  A.P.  Hill. 

Management  Support 

This  project  enjoys  the  support  of  the  Fort  A.P.  Hill  DPW  Office,  specifically,  Mr. 
John  Hall,  Director  of  Fogistics,  IMA-NERO  Region  has  also  provided  its  sup¬ 
port.  Signatures  have  been  obtained  from  representatives  of  Fort  A.P.  Hill  DPW, 
IMA-NERO  Region,  HQ-IMA,  HQ-ACSIM  supporting  this  project,  as  shown  on 
the  coordination  sheet.  Moreover,  the  Army  (HQ-IMA  and  HQ-ACSIM)  have 
reviewed  this  project  and  provided  matching  funds  ($500for  FY06  See  at¬ 
tached  Memorandum  from  ACSIM  Director  for  Facilities  and  Housing  in 
Appendix  2. 
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6.  COORDINATION  SHEET 


ORGANIZATION 

Associate  Project  Manager 
Project  Manager 
ERDC/CERL  Branch  Chief 
Installation  DPW  POC 
IMA  Region 
HQ  IMA 
HQ  ACS1M 
HQ  AMC 

Tri  Services  Facilities  WIPT  Chair 
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4.  COORDINATION  SHEET 


ORGANIZATION  SIGNATURE  DATE 

Project  Manager  _  _ 

ERDC/CERL  Branch  Chief  _ 

Installation  DPW  POC  _ 

IMA  Region  <iUiloZ 

HQ  IMA  _ _ 

HQ  ACSIM  _  _ 

HQAMC  _  _ 

Tri  Services  Facilities  W1PT  Chair 


This  is  a  Tri-service  Project.  Funds  have  been  requested  for  travel  of  Air  Force  and 
Navy  representatives  to  participate  in  the  evaluation  of  technology  implementation. 


ERDC/CERL  TR-09-23 


A15 


ERDC/CERL  TR-09-23 


A16 


COORDINATION  SHEET 

ORGANIZATION 

Project  Manager 
ERDC/CERL  Branch  Chief 
Installation  DPW  POC 
IMA  Region 
HQ  IMA 
HQ  ACSIM 
HQ  AMC 

Tri  Services  Facilities  W1PT  Chair 


SIGNATURE  DATE 


This  is  a  Tri-servicc  Project.  Funds  have  been  requested  for  travel  of  Air  Force  and 
Navy  representatives  to  participate  in  the  evaluation  of  technology  implementation. 
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TRl  SERVICE  PROGRAM 
ARMY  FACILITIES 

CORROSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 

l:-lpcl^sij^t.cf>»lsoj^,0jpgy  for  Prevention  of  Water  Intrusion  and  mrrreinn  of 
wu»itifMi^and.  Equipment  in  Ammunition  Bunkers  at  Ft.  A  P  Hill 

COOUHI  NATION  XTHQT 


OltfiANI/ATlON 


Project  Manager 
FKIKVCERI.  fii.nioh  Chief 
Jnsiallalion  DI’WPOC 
IMA  llegion 
I  IQ  IMA 
HQACSIM 
HO  AMC 

1  ii  Services  facilities  Wll'T  Chair 


SIGNATURE  DATE 


Hits  is  «  I  ri -service  Project.  Funds  have  been  requested  for  travel  or  Air  Force  and 
Navy  icprcscf.laljvcs  to  participate  in  the  evaluation  of  technology  implementation, 


6  COO RPI NATION  SHEET 


ORGANIZATION 

Associate  Project  Manager 
Projccl  Manager 
ERDC  CTRL  Brandi  Osief 
Installation  DPW  POC 
IMA  Region 
HQ  IMA 
HQ  ACSIM 
HQ  AMC 

Tn  Services  Facilities  WIPT  Chair 


{~fA/r  V.^jO 
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APPENDICES 

APPENDIX  1:  RETURN  ON  INVESTMENT  (RQI) 
CALCULATIONS 

Based  on  OMB  Circular  A-94 

ARMY  FACILITIES 

CORROSION  PREVENTION  AND  CONTROL  PROJECT  PLAN 


Electro-Osmotic  Pulse  Technology  for  prevention  of  Water  Intrusion  and  Corro¬ 
sion  of  Electrical  and  Mechanical  Equipment  at  Fort  Drum 

Assumptions: 


The  cost  to  remove  the  soil  cover  and  add  a  waterproofing  membrane  is  estimated 
by  Mr.  Hall  to  be  $500,000  for  three  ammunition  storage  igloos  or  $167,000  each. 
There  are  eleven  igloos  that  are  experiencing  water  intrusion.  This  translates  to 
$1,837,000  to  address  the  problem  in  all  eleven  igloos.  It  is  estimated  that  the  wa¬ 
terproofing  will  fail  due  to  materials  and  workmanship  and  need  replacement 
every  7  years. 

The  cost  to  install  an  EOP  system  in  eleven  igloos  is  estimated  to  be  $600K  and 
the  electrical  power  to  operate  the  system  is  0.58K  per  year.  EOP  system  main¬ 
tenance  and  repair  consists  of  changing  a  circuit  breaker  every  few  years  and  the 
system  controller  around  year  20. 

Installation  of  an  EOP  system  will  provide  a  cost  avoidance  for  corrosion  related 
maintenance  and  repair  to  doors  and  hardware  in  the  igloos  of  $24K  every  other 
year  and  $1K  every  year  for  each  igloo  for  water  cleanup  and  losses  to  palletsand 
other  dunnage  required  to  keep  materiel  stored  in  the  igloos  dry,  a  total  of  $1  IK 
per  year.  In  addition,  Heavy  prolonged  rains  could  result  in  $600K  losses  in  mate¬ 
riel  stored  in  the  igloos  per  year  and  $75K  of  delayed  or  lost  training  due  to  water, 
or  ice  if  the  weather  is  cold  enough,  in  the  igloos. 
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Because  of  the  water  intrusion  and  the  structural  degradation  of  the  structures  as  a 
result,  It  is  estimated  that  the  igloos  have  a  useful  remaining  life  of  less  than  1 5 
years.  The  replacement  cost  of  an  igloo  is  estimated  to  be  $425K  or  $4.675M  for 
all  eleven  igloos.  Assuming  that  the  igloos  are  replaced  at  year  10  and  an  EOP 
system  is  installed  at  that  time,  the  risk  of  materiel  replacement  will  end  at  that 
time  as  will  water  damage  and  cleanup  and  training  loss  costs. 
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Return  on  Investment  Calculation 


Investment  Required 
Return  on  Investment  Ratio 
Net  Present  Value  of  Costs  and  Benefits  Savings 


8.32 


562 


| _ 1 ,050 1 

Percentl  832%1 

9.298|  8,736| 


A  B  C 

Future  Baseline  Costs  Baseline 

Year  Benefits, 'Saving 

s 


D 

New  System 
Costs 


E 

F 

G 

H 

New  System 

Present  Value  of  Present  Value  of 

Total  Present 

Benefits  Saving 
s 

Costs 

Savings 

Value 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


1,8371 

600 

686 

561 

2,358 

1,797 

710 

620 

620 

686 

560 

560 

710 

542 

542 

686 

489 

489 

710 

473 

473 

686 

427 

427 

710 

413 

413 

686 

373 

373 

5,275 

710 

3,042 

3,042 

5 

1 

-1 
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Year 

B  -  Baseline 

D  -  New  System  Cost 

E  -  New  System  Benefits/Savings 

Installation 

of 

Traditional 

Waterproof 

Replace 

Igloos 

Total 

Installation 

Energy to 
run 

system 

Controller 

Replacement 

Total 

Materiel 

Replacement 

Door  / 
Hardware 
Replacement 

Water 

Damage  and 
Cleanup 

On  Time 
Training 

Total 

1 

1837 

1,837 

600 

0.58 

600 

600 

11 

75 

686 

2 

0 

0.58 

0 

600 

24 

11 

75 

710 

3 

0 

0.58 

0 

600 

11 

75 

686 

4 

0 

0.58 

0 

600 

24 

11 

75 

710 

5 

0 

0.58 

0 

600 

11 

75 

686 

6 

0 

0.58 

0 

600 

24 

11 

75 

710 

7 

0 

0.58 

0 

600 

11 

75 

686 

8 

0 

0.58 

0 

600 

24 

11 

75 

710 

9 

0 

0.58 

0 

600 

11 

75 

686 

10 

5275 

5,275 

0.58 

0 

600 

24 

11 

75 

710 

11 

0 

0.58 

0 

0 

12 

0 

0.58 

0 

0 

13 

0 

0.58 

0 

0 

14 

0 

0.58 

0 

0 

15 

0 

0.58 

0 

0 

16 

0 

0.58 

0 

0 

17 

0 

0.58 

0 

0 

18 

0 

0.58 

0 

0 

19 

0 

0.58 

0 

0 

20 

0 

0.58 

5 

5 

0 

21 

0 

0.58 

0 

0 

22 

0 

0.58 

0 

0 

23 

0 

0.58 

0 

0 

24 

0 

0.58 

0 

0 

25 

0 

0.58 

0 

0 

26 

0 

0.58 
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APPENDIX  2 


DAIM-FD 


DEPARTMENT  OF  THE  ARMY 

ASSISTANT  CHIEF  OF  STAFF  FOR  INSTALLATION  MANAGEMENT 
600  ARMY  PENTAGON 
WASHINGTON  DC  20310-0600 

2  5  MAR  2005 

S:  15  Oct  2005 


MEMORANDUM  FOR  DIRECTOR,  INSTALLATION  MANAGEMENT  AGENCY,  2511 
JEFFERSON  DAVIS  HIGHWAY,  ARLINGTON  VA  22202-3926 

SUBJECT:  FY  06  Army  Corrosion  Control  Program 


1 .  OSD  has  tentatively  allocated  a  total  of  $15.0M  in  FY  06  matching  funds  for 
implementation  of  corrosion  prevention  and  control  projects  for  equipment  and  facilities. 
The  enclosed  list  of  Army  projects,  totaling  $13.3M,  will  be  presented  for  approval  to 
OSD  in  April  05. 

2.  The  Army  programming  target  is  not  less  than  $10. 0M  of  facility  related  projects  in 
an  effort  to  obtain  a  minimum  of  $5.0M  of  the  OSD  matching  funds  To  participate  in 
OSD's  funding  augumentation,  HQIMA  will  reserve  $5.0M  in  FY06  OMA  funds,  to  be 
released  to  ERDC-CERL  upon  confirmation  by  this  office  that  OSD  matching  funds  are 
available.  Further  instructions  on  the  actual  distribution  of  funds  will  follow  at  that  time. 

3.  POC  for  this  action  is  Mr.  David  N.  Purcell,  or  (703)  601-0371, 
David.Purcell@hqda.army.mil. 


4  Quality  Facilities  for  Quality  Soldiers! 

FOR  THE  ASSISTANT  CHIEF  OF  STAFF  FOR  INSTALLATION  MANAGEMENT: 


Enel 

as 


MARK  A.  LORING 
Colonel,  GS 
Director,  Facilities  and  Housing 


CF: 

DACSIM 
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Appendix  B:  Contractor  Planning  and  Safety 
Documents 

Work  Plan/Pre-Performance/Installation  Schedule 

Plan/  Procedure: 

1.  Sweep  entire  floor  of  ECM  to  remove  any  ammunition  residue. 

2.  Perform  depth  of  cover  survey  to  locate  and  mark  any  high  steel. 

3.  Perform  continuity  testing  of  all  rebar. 

4.  Saw  anode  and  control  wire  slots. 

5.  Drill  holes  for  cathodes. 

6.  Implant  reference  electrodes. 

7.  I  nstall  cathodes. 

8.  I  nstall  anodes. 

9.  Install  and  terminate  all  D/C  wiring. 

10.  Grout  the  anode  and  control  wiring  slots. 

11.  Grind  and  epoxy  floor  cracks. 

12.  Saturate  ECM,  and  locate  all  water  penetrations. 

13.  Repair  all  water  penetrations  with  urethane  grout  and/or  hydraulic  ce¬ 
ment. 

14.  Install  controller  and  connect  all  control  wiring. 

15.  Energize  system. 

Special  Notes: 

1.  Anode  and  cathode  placement  will  be  determined  by  Orange  Marshall. 

2.  All  employees  must  wear  OSHA  approved  respirator,  hearing  protection 
and  safety  glasses. 

3.  A  fire  extinguisher  must  be  available  within  25  feet  of  the  electric  genera¬ 
tor. 

4.  Dig  permits  must  be  applied  for  30  days  in  advance. 

5.  All  debris  must  be  contained,  bagged  and  disposed  of  in  authorized  recep¬ 
tacles. 

6.  No  photos  are  allowed  without  permission. 
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I  mportant  Numbers: 

Emergency:  911 

Fire  Department  (Chief  Dan  Glembot):  804-633-8117 
ASP  Office  (Charles  Rupe):  804-633-8801 
DPW  (Brian  Robinson):  804-633-8262 
Safety  (Matthew  Ewoldt):  804-633-8268 
COTR  (Orange  Marshall):  217-373-6766 
Drytronic,  Inc. 

Paul  Femmer  636-346-7379 

Patrick  Reedy  612-508-1104 

Ken  Meyer  608-385-2075 

Cathodic  Technology  Limited  905-857-1050 
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Appendix  C:  Laboratory  Evaluation  of  EOP 
Technology  on  a  Model  Steel  Arch  ECM 

Background 

ERDC-CERL  has  been  provided  funding  to  investigate,  demonstrate,  and 
implement  Electro-Osmotic  Pulse  (EOP)  Technology  in  eleven  ammuni¬ 
tion  storage  igloos  at  Fort  A.P.  Hill,  Virginia.  These  underground  steel  arch 
storage  magazines  have  or  have  had  water  intrusion  through  the  concrete 
walls  and  floors.  The  IMA  region  suggested  to  the  DPW  at  Fort  A.P.  Hill 
that  EOP  could  be  a  remedy  for  the  water  intrusion.  The  DPW  contacted 
ERDC-CERL  to  evaluate  the  feasibility.  ERDC-CERL  inspected  several  ig¬ 
loos  and  concluded  that  much  of  the  water  intrusion  was  through  the  con¬ 
crete  walls;  the  rear  wall  in  particular.  These  are  the  conditions  under 
which  EOP  technology  is  most  effective. 

ERDC-CERL  proposed  to  DoD  and  IMA,  through  the  DoD  Corrosion  Pre¬ 
vention  and  Control  (CPC)  program,  to  address  this  problem.  FY06  funds 
were  provided  to  ERDC-CERL  to  conduct  necessary  developmental  R&D 
and  to  demonstrate  the  technology.  Monitoring  of  system  performance 
will  continue  into  FY07. 

Objective 

There  were  several  safety  issues  that  required  evaluation  before  the  EOP 
systems  could  be  installed  in  the  ammunition  storage  igloos  at  Fort  A.P. 
Hill.  The  objectives  of  these  evaluations  were  to  conduct  laboratory  testing 
of  a  scale  model  earth-covered  magazine  (ECM): 

•  to  determine  if  there  is  a  sparking  potential  from  the  EOP  system, 

•  to  design  the  EOP  system  hardware  to  prevent  interference  with 
lightning  protection  systems  installed  in  the  igloos, 

•  to  determine  optimum  cathode  locations  in  order  to  minimize  their 
impact  on  the  existing  installed  ECM  grounding  systems, 

•  to  determine  and  quantify  the  hydrogen  gas  generation  potential,  and 

•  to  determine  the  effects  of  DC  electrical  current  induced  by  the  EOP 
system  in  the  concrete  floors  on  metallic  pallets  inside  the  structure. 
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Approach 

A  scale  model  of  a  steel  arch  earth-covered  ammunition  storage  magazine 
was  constructed  in  the  laboratory.  The  model  had  an  EOP  system  installed 
in  it  similar  to  the  planned  design  for  the  full  scale  magazines  at  Fort  A.P. 
Hill.  The  model  included  the  ECM  lightning  protection  and  grounding  sys¬ 
tems.  The  model  was  buried  in  a  laboratory  test  bed  using  a  sandy  clay 
backfill.  The  backfill  was  kept  damp  during  the  testing  period. 

Model  Construction 

A  simplified  scale  model  ammunition  bunker  was  constructed  based  on 
the  floor  plans  shown  in  Figure  C-i.  A  single  ground  loop  and  a  single  air 
terminal  at  the  rear  of  the  concrete  were  installed  as  part  of  the  system. 
Space  limitations  prevented  installation  of  the  double  ring  system  illu¬ 
strated  in  Figure  C-i.  The  rings  of  a  double  ring  ground  system  would  have 
been  so  close  together  as  to  equate  to  the  single  ring.  For  the  purposes  of 
these  tests  a  single  ring  ground  was  considered  adequate. 

Figure  C-2  is  a  photograph  of  the  assembled  ECM  model  used  for  labora¬ 
tory  testing.  The  base  and  walls  of  the  model  were  constructed  from  con¬ 
crete  paving  blocks,  1V2  inches  thick  and  the  roof  from  galvanized  roof 
flashing.  To  simulate  existing  waterproofing,  standard  duct  tape  was  ap¬ 
plied  to  the  roof  section  with  approximately  1/16  in.  gap  between  strips. 
The  roof  was  attached  to  the  walls  using  galvanized  steel  angles.  The  an¬ 
gles  were  held  in  place  using  screws  going  through  the  wall  and  base  with 
nuts  to  keep  them  secure.  The  front  and  rear  walls  were  attached  by  pin¬ 
ning  them  through  the  floor  section,  concrete  screws  into  the  side  walls 
and  a  Va  in.  threaded  rod  between  them  at  the  apex  of  the  arch  and  held  in 
place  using  nuts.  Figure  C-10  shows  the  completed  model  under  testing. 

Prior  to  assembling  the  model  grooves  were  cut  in  the  floor  and  back  wall 
sections  for  placement  of  anodes  (Figure  C-3  and  Figure  C-4).  The  anodes 
were  embedded  in  a  cementitious  grout  and  the  same  grout  was  used  dur¬ 
ing  assembly  as  a  mortar  between  the  wall  sections  and  the  floor  section. 
After  curing  for  24  hours,  the  assembly  was  placed  in  2  inches  of  standing 
water  for  four  days  to  completely  saturate  the  concrete.  Each  anode  seg¬ 
ment  in  the  floor  was  instrumented  to  monitor  the  current.  The  rear  wall 
was  a  separate  anode  segment.  Figure  C-5  shows  the  rear  wall  section  with 
the  anode  grouted  in  place.  Moisture  (Protimeter)  probes  were  embedded 
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in  the  floor  section  at  three  locations  to  measure  concrete  moisture  during 
the  testing  period  (Figure  C-6). 

Leads  to  monitor  voltage  at  the  four  corners  of  the  steel  arch  were  attached 
to  screws  attaching  the  steel  arch  to  the  angle  iron.  A  lead  wire  runs  from 
the  angle  iron  to  the  ground  ring  (Figure  C-2)  on  each  side  of  the  model.  A 
rubber  hose  was  attached  to  the  floor  section  near  one  of  the  screws  in  or¬ 
der  to  measure  the  steel  electric  potential  in  the  concrete  using  a  copper- 
copper  sulfate  half-cell.  (The  standard  method  of  measuring  steel  potential 
in  concrete  is  to  place  a  copper-copper  sulfate  half-cell  in  the  concrete  sur¬ 
face  nearest  to  the  steel  and  measure  the  voltage.  Since  the  model  was  cov¬ 
ered  in  clay,  the  concrete  surface  was  not  accessible.  The  hose  was  in¬ 
stalled  to  provide  a  way  to  make  electrical  contact  with  the  concrete  from 
outside  the  clay.  The  hose  was  filled  with  tap  water,  which  was  electrically 
conductive,  and  the  half-cell  was  placed  in  the  water.) 

Before  placing  soil  in  the  test  bed,  a  wire  mesh  was  laid  on  the  bottom  to 
act  as  an  earth  ground  for  the  lightning  protection  system.  Figure  C-7 
shows  the  test  bed  with  the  wire  mesh  in  place. 

The  construction  stage  shown  in  Figure  C-8  shows  most  of  the  items  of  in¬ 
terest  for  the  lightning  study.  The  copper  wire  in  the  soil  forms  the  ground 
ring,  the  chicken  wire  represents  the  earth  ground  and  the  metal  cylindric¬ 
al  structure  models  the  metal  roof  of  the  actual  structure.  The  blue  insu¬ 
lated  wire  is  the  electrical  connection  between  the  metal  building  member 
and  the  ground  ring. 

Figure  C-9  shows  the  test  bed  before  being  embedded  in  clay.  The  vertical 
copper  wire  is  a  part  of  the  lightning  protection  system.  The  completed 
structure  was  covered  with  earth  (clay)  and  is  shown  in  Figure  C-10.  Again 
note  the  copper  wire  “lightning  rod”  at  the  rear  of  the  structure  and  the 
chicken  wire  “earth  ground”  underneath.  The  blue  insulated  wires  are  the 
EOP  anode  leads  and  moisture  measurement  instrumentation  leads. 
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Results 

Sparking  Potential  Evaluation: 

Electrical  potential  variations  were  monitored  on  the  steel  arch  at  the  four 
corners  and  the  ceiling.  Any  build-up  of  charge,  which  would  be  indicated 
by  a  voltage  increase,  can  provide  potential  for  a  spark. 

A  potential  measurement  was  taken  using  a  digital  multimeter.  The  poten¬ 
tial  was  measured  between  the  two  screws  on  each  side  of  the  ceiling  (i.e. 
left,  right,  front,  and  back).  No  potential  difference  was  measured  between 
each  of  these  points  throughout  the  testing  period. 

If  a  charge  had  built  up,  special  circuitry  would  have  been  incorporated 
into  the  EOP  system,  modifying  it  to  prevent  charge  accumulation  on  the 
steel  arch. 

Lightning  Protection  System  Evaluation: 

When  the  EOP  system  was  running  at  steady  state  the  ground  system  was 
monitored  to  determine  the  degree  of  coupling  between  the  EOP  system 
and  the  lightning  protection  system. 

The  “lightning”  simulation  was  produced  by  driving  a  Kepco  Bipolar  oper¬ 
ational  power  supply/amplifier,  Model  BOP50-4M  with  a  repetitive  pulse 
from  a  Wavetek  Model  147  HF  Sweep  Generator.  Figure  C-11  shows  the 
drive  pulse  from  the  Wavetek  and  the  resulting  voltage  and  current  wave¬ 
forms  applied  between  the  model  lightning  rod  and  the  chicken  wire  earth 
ground.  Signals  were  monitored  and  recorded  with  a  Tektronix  TDS  5104. 
After  accounting  for  the  current  probe  calibration  factor,  2  Amps  was  in¬ 
jected  into  the  “lightning  rod.” 

An  initial  voltage  measurement  was  made  on  the  EOP  source  being  ap¬ 
plied  to  the  model  EOP  system  (total  voltage  between  the  anodes  and  ca¬ 
thodes).  This  reading  was  taken  with  a  high  voltage  differential  probe.  A 
second  voltage  reading  was  taken  between  the  lightning  rod  and  the  earth 
ground  to  determine  the  degree  of  coupling  between  the  two  systems.  The 
results  are  shown  in  Figure  C-12.  The  ratio  of  the  peak  magnitudes  of  the 
signal  measured  on  the  lighting  rod  system  to  that  applied  by  the  EOP  sys¬ 
tem  is  miniscule,  approximately  0.004. 
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Figure  C-13  shows  the  applied  voltage  signal  and  the  measured  EOP  vol¬ 
tage  and  current.  It  can  be  seen  that  at  the  scale  factors  necessary  to  moni¬ 
tor  these  signals,  there  is  no  detectable  response  on  the  EOP  signal. 

Cathode  Placement  Evaluation: 

To  minimize  impact  on  the  existing  grounding  system,  yet  maintain  EOP 
system  efficiency,  the  EOP  cathode  placement  was  evaluated.  It  was  not 
clear  whether  the  EOP  cathodes  should  be  placed  inside  the  ground  ring  or 
outside,  or  if  it  made  any  difference.  Tests  to  determine  cathode  placement 
influence  on  the  grounding  system  were  conducted  by  monitoring  poten¬ 
tials  on  the  ground  ring  with  several  cathode  placements  around  the  mod¬ 
el.  See  Figure  C-14.  EOP  system  efficiency  was  evaluated  by  monitoring 
the  current  in  the  anode  and  cathode  circuits:  see  Figures  C-15,  C-16,  and 
C-17. 


The  potential  was  measured  between  the  ground  ring  and  three  other  posi¬ 
tions  including  the  wire  mesh  (earth  ground),  the  anodes,  and  the  ca¬ 
thodes.  The  potential  between  the  ground  ring  and  the  earth  ground  did 
not  change  whether  the  cathodes  were  placed  inside  or  outside  of  the 
ground  ring  (Figure  C-14).  It  was  always  less  than  1  Volt. 

The  potential  between  the  ground  ring  and  the  cathodes  increased  when 
the  cathodes  were  moved  from  inside  the  ring  to  the  outside.  The  potential 
between  the  ground  ring  and  the  anodes  decreased  when  the  cathodes 
were  moved  from  inside  to  outside.  Total  potential  always  equaled  the 
power  supply  voltage  as  one  would  expect.  Since  the  ground  ring  is  acting 
as  a  voltage  probe  between  the  anodes  the  cathodes. 

The  magnitude  and  distribution  of  current  in  the  anode  and  cathode  cir¬ 
cuits  is  a  measure  of  EOP  system  efficiency.  The  magnitudes  of  the  anode 
currents  should  be  as  close  to  the  design  value  (mA/foot)  without  exceed¬ 
ing  it  and  the  current  should  be  evenly  distributed  over  the  cathode  cir¬ 
cuits.  The  anode  current  measurements  are  shown  in  Figure  C-15.  Cathode 
placement  inside  the  ground  ring  resulted  in  higher  currents  and  therefore 
higher  EOP  system  efficiency.  Cathode  measurements  are  plotted  in  Fig¬ 
ure  C-16.  The  back  cathode  current  is  nearly  twice  as  high  as  the  left  and 
right  side  cathodes.  This  indicates  that  another  cathode  should  be  added  to 
the  back  side  to  equalize  the  current  distribution.  Figure  C-17  shows  the 
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total  anode  and  cathode  current  when  cathodes  are  placed  inside  and  out¬ 
side  the  ring  ground. 

Potential  for  Hydrogen  Gas  Generation: 

Appendix  A  is  an  analysis  of  the  likelihood  for  generating  hydrogen  gas  by 
the  EOP  system.  The  electrical  potential  of  the  steel  was  evaluated  by  in¬ 
stalling  reference  electrodes  and  measuring/monitoring  the  steel  (rebar) 
potential  to  ensure  that  it  does  not  go  less  than  -0.918  V.  The  worst  case 
would  be  in  completely  saturated  concrete  due  to  reduced  oxygen  in  the 
pores. 

Figure  C-18  is  a  plot  of  the  steel  potential  over  time.  Note  that  the  poten¬ 
tial  reaches  a  steady  state  condition  of  around  4.25  Volts  and  never  goes 
negative. 

DC  Current  Field  Effects  on  Interior  Materiel: 

EOP  utilizes  an  electrical  field  induced  in  the  concrete  to  move  water  away 
from  the  anode  side  of  a  concrete  surface.  The  field  is  created  between  the 
anode,  buried  in  the  concrete  interior  and  the  cathode,  buried  in  the  soil 
outside  the  structure.  Other  objects  not  between  the  anode  and  cathode 
are  only  minimally  affected.  However,  the  potential  for  current  flow  onto 
and  through  metal  objects  placed  on  top  of  a  floor  with  EOP  protection  is 
not  known.  If  the  metal  objects  are  tied  to  a  ground  it  is  not  clear  if  current 
will  flow  from  the  floor,  through  the  object  and  to  the  ground.  A  test  was 
conducted  in  the  model  to  monitor  and  measure  current  and  voltage  flow 
to  simulated  metal  pallets  on  top  of  a  floor  and  also  when  the  pallets  are 
tied  to  the  structural  ground.  Two  steel  frames  constructed  from  wire 
mesh  were  placed  on  the  model  floor  and  current  and  voltage  potentials 
measured  between  them.  They  were  then  tied  to  the  grounding  system  and 
the  current  and  voltage  potentials  determined. 

The  potential  was  measured  between  the  two  pallets  and  also  between  the 
pallet  and  the  screws  in  the  four  corners  of  the  ceiling.  The  current  was 
found  by  measuring  the  potential  across  a  0.1  ohm  resistor.  Potential  and 
current  measurements  showed  that  the  metal  pallets  were  not  affected  by 
the  EOP  system.  The  potential  was  0.0  mV  for  the  entire  test  period. 
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Concrete  moisture: 

Concrete  moisture  data  was  collected  with  a  Protimeter.  The  Protimeter 
measures  the  relative  percent  moisture  concentration  of  the  concrete  at 
the  depth  the  probes  are  placed.  Three  sets  of  probes  were  grouted  into  the 
floor  section  at  a  depth  of  approximately  1  inch.  Because  the  steel  half-cell 
measurement  required  adding  moisture  to  the  concrete,  the  moisture 
readings  for  all  of  the  probe  locations  were  100%  throughout  the  duration 
of  the  testing.  The  readings  for  all  of  the  probe  locations  were  100% 
throughout  the  duration  of  the  testing.  On  day  13  of  the  test  period,  collec¬ 
tion  of  surface  moisture  data  was  begun.  Figure  C-19  is  a  graph  of  surface 
moisture  indicating  that  the  surface  of  the  concrete  on  the  interior  of  the 
model  is  drying  out  while  the  exterior  is  remaining  wet. 

Figure  C-20  is  a  graph  of  the  concrete  subsurface  moisture.  Moisture  con¬ 
tent  remained  at  100%  while  the  steel  half-cell  measurements  were  con¬ 
ducted.  This  is  because  water  was  added  to  the  system  in  order  to  this 
measurement.  When  the  steel  half-cell  measurement  was  discontinued  the 
concrete  began  drying  out. 

Discussion 

Sparking  Potential  Evaluation:  Measurements  to  detect  a  differential 
build-up  of  electrical  charge  on  the  interior  of  the  model  indicated  that  a 
charge  will  not  build  up.  Based  on  observations  inside  the  magazines  and 
on  the  construction  drawings  provided  to  ERDC-CERL,  the  interior  steel 
arch  of  the  magazines  are  electrically  connected  to  the  ground.  As  long  as 
this  ground  is  achieved,  there  is  no  potential  for  differential  charge  build¬ 
up  on  the  steel  arch. 

Lightning  Protection  System  Evaluation:  The  experiments  conducted  in 
this  study  discovered  no  significant  interfering  effects  between  the 
lightning  rod  system  and  the  EOP  system  in  the  model.  There  were  no  ob¬ 
vious  indications  that  the  systems  will  interfere. 

Examination  of  the  floor  plans  for  the  bunker  indicates  that  interfering  ef¬ 
fects  will  likely  be  minimized  if  EOP  cathodes  are  placed  inside  the  foun¬ 
dation  footing  ground  loop.  The  lightning  current  will  tend  to  spread  out 
into  the  surrounding  earth  away  from  the  metal  structure  and  the  EOP 
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system  currents  (anode-to-cathode)  will  not  flow  directly  across  the 
lightning  protection  ground  ring. 

Cathode  Placement  Evaluation:  Laboratory  experiments  evaluating  the 
effectiveness  of  the  EOP  system  on  cathode  placement  when  placed  inside 
the  grounding  ring  and  outside  the  grounding  ring  further  indicates  that 
the  cathodes  need  to  be  maintained  inside  the  foundation  footing  ground 
loop. 

Hydrogen  Gas  Generation  Potential:  An  engineering  study  of  hydrogen 
gas  generation  potential  for  an  EOP  system  indicates  that  there  is  no  po¬ 
tential  for  hydrogen  gas  generation.  Half-cell  potential  measurements  in¬ 
dicate  that  the  voltage  levels  produced  by  the  EOP  system  will  only  pro¬ 
duce  hydroxyl  ions  in  the  presence  of  water,  raising  the  pH  and  further 
reducing  corrosion  potential  for  the  steel  reinforcing. 

DC  Current  Field  Effects  on  Interior  Materiel:  No  electrical  current  was 
detected  on  the  model  steel  pallets  placed  in  the  model.  The  electrical  cur¬ 
rent  is  directed  away  from  the  concrete  surface  toward  the  cathodes.  As  a 
result,  there  is  no  danger  of  current  flowing  onto  the  pallets  or  the  materiel 
stored  on  them. 

Concrete  Moisture:  As  anticipated,  moisture  measurements  of  the  con¬ 
crete  floors  of  the  model  showed  a  drying  of  the  surface  of  the  concrete 
while  the  deep  cross-section  of  the  concrete  remained  slightly  wet.  In  satu¬ 
rated  soil,  the  surface  of  the  concrete  adjacent  to  the  soil  will  remain  satu¬ 
rated,  typically  to  the  degree  that  the  soil  is  saturated.  The  EOP  system  will 
effectively  keep  the  surface  of  the  concrete  relatively  dry,  typically  less  that 
15-20  percent  relative  moisture. 

Conclusions 

•  There  is  no  danger  of  a  spark  being  generated  in  the  ECM  due  to  the 
EOP  system. 

•  There  is  no  significant  interfering  effect  between  the  EOP  system  and 
the  lightning  grounding  system  in  the  ECM. 

•  There  is  no  detectable  current  flow  onto  metal  objects  stored  inside  the 
ECM  with  a  functioning  EOP  system. 

•  The  EOP  system  will  dry  the  interior  surface  of  the  concrete  in  ECMs 
where  it  is  installed. 
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Recommendations 

It  is  recommended,  based  on  laboratory  model  investigations,  that  an  EOP 
system  be  installed  in  a  full  scale  ECM  at  Fort  A.P.  Hill  for  full-scale  evalu¬ 
ation  if  these  issues.  If  similar  results  are  obtained  in  the  full  scale  ECM, 
then  EOP  system  installation  should  continue  to  the  remaining  ten  pro¬ 
posed  ECMs. 


ERDC/CERL  TR-09-23 


CIO 


.  RQQK  PLAN6  _ 

Figure  C-l.  Type  ‘B’  Igloo  Floor  Plans.  The  pink  highlighted  ground  loop  approximates  that 

installed  in  the  model. 
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Figure  C-2.  Model  of  ECM  used  fortesting. 


Figure  C-3.  Floor  section  with  grooves  for  anodes. 
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Figure  C-4.  Rear  wall  section  with  anodes  in  grooves. 


Figure  C-5.  Rear  wall  with  grouted  anode. 
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Figure  C-6.  Floor  section  with  grouted  anodes  and  moisture  (Protimeter)  probes. 


Figure  C-7.  Test  bed  with  “earth"  ground. 
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Figure  C-8.  ECM  model  with  bare  copper  wire  ground  exposed. 


Figure  C-9.  Model  in  test  bed. 
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Figure  C-10.  ECM  model  with  model  lightning  rod  (pulse  current  injection  point)  at  rear. 


Figure  C-ll.  Source  signal  for  simulated  lighting  measurements  on  ECM  model. 
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Figure  C-12.  EOP  circuit  current  coupling  to  grounding  system. 
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Figure  C-13.  "Lightning  rod”  induced  grounding  system  current  coupling  to  EOP  circuit. 


Potential  Measurements 


Time  (days) 


Figure  C-14.  Electrical  potentials  between  conductors  when  cathodes  are  inside  (IN)  and 

outside  (OUT)  ring  ground. 
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Anode  Current  Measurements 


Figure  C-15.  Anode  currents  when  cathodes  are  placed  inside  (IN)  and  outside  (OUT)  ring 

ground. 


Cathode  Current  Measurements 


Figure  C-16.  Cathode  currents  when  cathodes  are  place  inside  (IN)  and  outside  (OUT)  ring 

ground. 
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Total  Anode  and  Cathode  Current  Measurements 


Figure  C-17  Total  anode  and  cathode  current  when  cathodes  are  placed  inside  (IN)  and 

outside  (OUT)  ring  ground. 


Figure  C-18.  Half-cell  steel  (rebar)  corrosion  and  gas  generation  potential  measurements 
when  cathodes  are  placed  inside  (IN)  and  outside  (OUT)  ring  ground. 
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Concrete  Surface  Moisture  Measurements 


Figure  C-19.  Surface  moisture  (Protimeter)  when  cathodes  are  placed  outside  (OUT)  of  ring 

ground. 


Figure  C-20.  Concrete  interior  moisture  (Protimeter)  when  cathodes  are  placed  outside  (OUT) 

of  ring  ground. 
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Appendix  D:  EOP  Design  Details 

Dr.  Ghassan  Al-Chaar 

Technical  Report  on  Back  Wall  Of  Small  Ammunition  and  Ex¬ 
plosive  Storage  Magazines  Constructed  from  Steel  Semi- 

Circular  Arch 

Statement  of  the  Problem: 

An  anode  protection  system  is  to  be  installed  on  the  inside  face  of  the  back 
wall  of  an  ammunition  and  explosive  semi-circular  magazine  (igloos).  3A” 
wide  and  l  Va  “  deep  grooves  will  be  cut  on  the  face  of  the  wall  and  it  is  re¬ 
quired  to  identify  the  maximum  moment  on  the  back  wall  resulting  from 
soil  pressure  combined  with  a  hypothetical  explosive  load. 

References: 

1.  Structural  drawing  S-5,  S-6,  and  S-7. 

2.  The  US  Army  Corps  of  Engineers  Standard  Design  drawings  on  “Maga¬ 
zine,  Steel,  Semicircular- Arch  Earth-Covered” 

3.  http://www.navfac.naw.mil.  Building  type  “WBDG”  Semi-Circular  Arch  421-8— 
01 

Description  of  the  Structure: 

An  ammunition  and  explosive  storage  magazine  is  constructed  from  earth- 
covered  one  inch  corrugated  steel  semi-circular  arch.  The  magazine  can  be 
26-80  ft.  deep  and  the  radius  of  the  steel  arch  is  about  i2’-8”  supported  on 
15”  wide  and  about  2’4”  deep  portal  walls.  The  slab  is  6”  reinforced  con¬ 
crete  on  gravel  protected  by  water  barrier.  Typical  transverse  section  de¬ 
tails  are  shown  in  Figure  D-i. 
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Figure  D-l.  Section  in  a  typical  ammunition  and  explosive  storage  magazine. 
Location  of  Maximum  Soil  Pressure: 

Assumption:  The  angle  of  internal  friction  0=  33  degrees 


C=  o 

Ka  =  (1-  O)  /  (1+  O) 

=  0.3 

Area  of  the  soil  section  above  the  wall: 

Top  edge  =  3’ 

Bottom  edge  =  3’  +  4’  (for  slop  1:2  the  horizontal  distance  is  twice  the  ver¬ 
tical  distance.  The  vertical  distance  is  assumed  to  be  2’.  There  fore  the  ho¬ 
rizontal  is  4’  +  3’  =  7’ 

Assumption:  assume  the  unit  weight  of  the  soil  y=  120  lbs/ft  3 
Pressure  at  the  top  of  the  wall:  Pa  =  0.3  [(7’  +  3’)/2]  2’  x  120 
=  360  psf 

The  clear  height  of  the  wall:  H  =  (i7’-6”)  -  (2’-6”) 

=  15’ 


ERDC/CERL  TR-09-23 


D3 


Pressure  at  the  bottom  of  the  wall:  Pb  =  360  +  (15  x  120  x  0.3) 

=  900  psf 

Location  of  maximum  moment  from  the  slab  =  h  (max.  moment) 
=  15  [  (360/900)] 

=  6  ‘ 


Conclusion: 

As  shown  in  Figure  D-3,  the  theoretical  maximum  pressure  due  to  the  soil 
pressure  is  at  about  6  ft.  height  from  the  bottom  of  the  wall  along  the  line 
of  symmetry.  Adding  load  of  equal  distributive  pressure  on  the  wall  due  to 
explosive  will  cause  the  location  moment  to  move  upward  depending  on 
the  magnitude  load.  It  is  a  judgment  that  the  location  of  the  maximum 
pressure  for  reasonable  magnitude  of  pressure  (before  failure)  due  to  ex¬ 
plosion  will  be  at  height  between  6  and  7  ft.  Also,  the  moment  decreased  as 
we  move  away  from  the  line  of  symmetry  on  each  side.  Therefore,  area  of 
maximum  moment  is  roughly  from  6  to  7  ft  height  and  4  ft.  wide  (2  ft  on 
each  side  of  the  line  of  symmetry). 

Note:  the  groove  of  1  Va  “  deep  is  within  the  concrete  cover  and  shall  have 
no  significant  structural  impact  on  the  wall. 
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Dr.  Ghassan  Al-Chaar 

Technical  Report  on  Back  Wall  Of  Large  Ammunition  and  Ex¬ 
plosive  Storage  Magazines  Constructed  from  Steel  Semi- 

Circular  Arch 

Statement  of  the  Problem: 

An  anode  protection  system  is  to  be  installed  on  the  inside  face  of  the  back 
wall  of  an  ammunition  and  explosive  semi-circular  magazine  (igloos).  3A” 
wide  and  l  V4  “  deep  grooves  will  be  cut  on  the  face  of  the  wall  and  it  is  re¬ 
quired  to  identify  the  maximum  moment  on  the  back  wall  resulting  from 
soil  pressure  combined  with  a  hypothetical  explosive  load. 

References: 

1.  Structural  drawing  S-5,  S-6,  and  S-7. 

2.  The  US  Army  Corps  of  Engineers  Standard  Design  drawings  on  “Maga¬ 
zine,  Steel,  Semicircular-Arch  Earth-Covered” 

3.  http://www.navfac.naw.mil.  Building  type  “WBDG”  Semi-Circular  Arch  421-8— 
01 

Description  of  the  Structure: 

An  ammunition  and  explosive  storage  magazine  is  constructed  from  earth- 
covered  one  inch  corrugated  steel  semi-circular  arch.  The  magazine  is  24 
ft.  wide  by  50  ft.  deep  and  the  radius  of  the  steel  arch  is  about  24’-6”  sup¬ 
ported  on  15”  wide  and  about  11”  deep  knee  walls.  The  slab  is  6”  reinforced 
concrete  on  gravel  protected  by  water  barrier.  Typical  transverse  section 
details  are  shown  in  Figure  D-4. 
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Figure  D-4:  Section  in  a  typical  ammunition  and  explosive  storage  magazine. 
Location  of  Maximum  Soil  Pressure: 

Assumption:  The  angle  of  internal  friction  0=  33  degrees 


C=  o 

Ka  =  (1-  O)  /  (1+  O) 

=  0.3 

Area  of  the  soil  section  above  the  wall: 

Top  edge  =  3’ 

Bottom  edge  =  3’  +  4’ 

(For  slop,  1:2  the  horizontal  distance  is  twice  the  vertical  distance.)  The 
vertical  distance  is  assumed  to  be  2’.  There  fore  the  horizontal  is  4’  +  3’  =  7’ 

Assumption:  The  unit  weight  of  the  soil  y=  120  lbs/ft  3 

Pressure  at  the  top  of  the  wall:  Pa  =  0.3  [(7’  +  3’)/2]  2’  x  120 

=  360  psf 


The  clear  height  of  the  wall:  H  =  (24’-6”)  +  (11”) 
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=  25’-5” 

Pressure  at  the  bottom  of  the  wall:  Pb  =  360  +  (25’-5”  x  120  x  0.3) 
=  1275  psf 

Location  of  maximum  moment  from  the  slab  =  h  (max.  moment) 
=  (25’-5”)  [  (360/1275)] 


=  7’-2 


Conclusion: 

As  shown  in  Figure  D-6,  the  theoretical  maximum  pressure  due  to  the  soil 
pressure  is  at  about  7’ -2.”  height  from  the  bottom  of  the  wall  along  the  line 
of  symmetry.  Adding  load  of  equal  distributive  pressure  on  the  wall  due  to 
explosive  will  cause  the  location  moment  to  move  upward  depending  on 
the  magnitude  load.  It  is  a  judgment  that  the  location  of  the  maximum 
pressure  for  reasonable  magnitude  of  pressure  (before  failure)  due  to  ex¬ 
plosion  will  be  at  height  between  7’-2”  and  8’-5”  ft.  Also,  the  moment  de¬ 
creased  as  we  move  away  from  the  line  of  symmetry  on  each  side.  There¬ 
fore,  area  of  maximum  moment  is  roughly  from  7’-2”  to  8’-5”  height  and  4 
ft.  wide  (2  ft  on  each  side  of  the  line  of  symmetry). 
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Note:  the  groove  of  l  Va  “  deep  is  within  the  concrete  cover  and  shall  have 
no  significant  structural  impact  on  the  wall. 


Figure  D-6:  Area  of  Maximum  Moment  on  the  Back  wall. 
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Determination  of  Maximum  Anode  Segment  Length  for  n’  X  30’  Maga¬ 
zines 


Design  Calculations 

Maximum  Allowed  Anode  Length/Connection 

Component  Resistances 

C 

Mesh  Anode 

A 

Maximum  Design  Current  Density 

2  mA/ft2 

"1 . 

1/4" 

Qft 

B 

Anode  Spacing 

11.000  ft 

1/2" 

0  12 

Q/ft 

C 

Anode  length/Cond  Bar 

36  75|ft 

3/4" 

0  08 

O/ft 

D 

Anode  width 

0.75  in. 

1" 

Q/ft 

E 

Anode  resistance 

008 

O  ft 

Conductor  Bar 

1/4" 

0.049 

O/ft 

1/2" 

00175 

Q/ft 

2E=IR 

3/4" 

OH 

IRIO,<300  mV 

1" 

Q/ft 

Anode 

R*= 

RSL 

Rs  = 

0.08 

Q/ft 

L= 

18  375 

ft 

= 

1  47 

Q 

u~ 

PiSaL 

PF 

2 

mA/ft2 

Sa= 

1 1 .000  ft 

L= 

18375 

ft 

= 

404.25 

mA 

Ea= 

IaRa/2 

_ = 

297  1238 

mV 

<300  mV? 

OK 

Determination  of  Maximum  Anode  Segment  Length  for  24’  X  50’  Maga¬ 
zines 


Design  Calculations 


Maximum  Allowed  Anode  Length/Connection 

Component  Resistances 

C 

Mesh  Anode 

A 

Maximum  Design  Current  Density 

2 

mA/ft2 

|  ' 

1/4" 

Q/ft 

B 

Anode  Spacing 

24.000 

ft 

1/2" 

0  12 

Q/ft 

C 

Anode  length/Cond  Bar 

25 

ft 

3/4" 

0.08 

Qft 

D 

Anode  width 

075 

in. 

1" 

Qft 

E 

Anode  resistance 

0.08 

Qft 

Conductor  Bar 

1/4" 

0  049 

Q/ft 

1/2" 

00175 

Qft 

2E=IR 

3/4” 

Q/ft 

IRtot<300  mV 

1" 

Qft 

Anode 

Ra= 

RsL 

Rs  = 

0.08 

Qft 

L= 

12.5 

ft 

= 

1 

Q 

lA= 

PiSaL 

PF 

2 

mA/ft2 

Sa= 

24.000 

ft 

L= 

12  5 

ft 

= 

600 

mA 

Ea= 

IaRa/2 

= 

300 

mV 

<300  mV? 

OK 
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Appendix  E:  Field  Evaluation  of  EOP 
Technology  on  a  Full-Scale  Steel  Arch  ECM 

Background 

ERDC-CERL  has  been  provided  funding  to  investigate,  demonstrate,  and 
implement  Electro-Osmotic  Pulse  (EOP)  Technology  in  eleven  earth- 
covered  ammunition  storage  magazines  at  Fort  A.P.  Hill,  Virginia.  These 
underground  steel  arch  storage  magazines  have  or  have  had  water  intru¬ 
sion  occurring  through  the  concrete  walls  and  floors.  The  Directorate  of 
Public  Works  (DPW)  for  Fort  A.P.  Hill  contacted  ERDC-CERL  to  evaluate 
the  feasibility  of  EOP  stopping  the  water  intrusion.  ERDC-CERL  inspected 
several  magazines  and  concluded  that  much  of  the  water  intrusion  was 
through  the  concrete  walls;  the  rear  wall  in  particular.  These  are  the  condi¬ 
tions  under  which  EOP  technology  is  most  effective. 

ERDC-CERL  proposed  to  the  Department  of  Defense  (DoD)  and  Army’s 
Installation  Management  Agency  (IMA),  through  the  DoD  Corrosion  Pre¬ 
vention  and  Control  (CPC)  program,  to  address  this  problem.  FY06  funds 
were  provided  to  ERDC-CERL  to  conduct  necessary  developmental  R&D 
and  to  demonstrate  the  technology.  Monitoring  of  system  performance 
would  continue  through  FY07. 

This  report  describes  the  testing  of  an  EOP  system  installed  in  an  earth- 
covered  magazine  (ECM)  at  Fort  A.P.  Hill,  VA. 

Objective 

The  overall  objective  was  to  demonstrate  EOP  as  a  solution  to  the  water 
intrusion  problems  in  earth-covered  magazines  (ECMs)  at  Fort  A.P.  Hill, 
VA.  In  order  to  accomplish  that  objective,  there  were  several  safety  issues 
with  the  use  of  EOP  that  required  evaluation  before  the  EOP  systems  could 
be  installed  in  the  ECMs.  Initial  laboratory  evaluations  were  conducted  on 
a  small  scale  model  ECM  followed  by  installing  an  EOP  system  in  a  full 
scale  magazine  at  Fort  A.P.  Hill  and  performing  evaluations  on  it. 
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Approach 

An  EOP  system  was  installed  in  an  empty  ECM.  The  following  evaluations 
were  then  conducted  over  the  next  15  month  period  to  identify  any  ammu¬ 
nition  safety  hazards  that  may  exist  with  the  use  of  the  EOP  system.  The 
following  is  a  list  of  evaluations  that  were  conducted. 

•  Sparking  potential  caused  by  the  EOP  system  from  any  charge  build  up 
on  the  steel  arch  or  on  metal  pallets  inside  the  magazine, 

•  Potential  for  hydrogen  gas  being  generated  by  the  EOP  system, 

•  Potential  for  corrosion  to  occur  on  the  steel  reinforcing  in  the  concrete 
portion  of  the  structure, 

•  Ability  of  the  EOP  system  to  stop  water  intrusion  inside  the  magazine, 

•  Potential  of  the  EOP  system  to  compromise  the  ECM  lightning  protec¬ 
tion  system,  and 

•  Potential  radio  frequency  generation  and  electromagnetic  field  induc¬ 
tion. 

EOP  System  Installation 

EOP  Design 

A  design  was  developed  based  on  the  principles  detailed  in  the  draft  UFC 
in  Appendix  I  and  laboratory  model  testing  (Appendix  C).  The  design  for 
the  floor  section  called  for  installation  of  anodes,  positive  electrodes,  in  the 
wall-floor  juncture  around  the  perimeter  of  the  magazines,  and  also  in  the 
construction  joints  and  cold  joints  in  the  concrete  floors  and  walls. 

Visual  investigation  of  the  magazines  indicated  that  most  of  the  water  in¬ 
trusion  in  the  magazines  was  coming  from  the  back  wall  and  the  interface 
between  the  concrete  and  the  steel  arch.  Some  water  was  also  entering 
through  the  bolt  holes  and  joints  in  the  steel  arch.  To  stop  water  from  en¬ 
tering  through  the  rear  wall,  the  design  called  for  installing  an  additional 
anode  part  way  up  the  rear  wall.  A  structural  analysis  of  the  back  wall  was 
performed  to  determine  where  the  maximum  wall  moment  in  the  event  of 
an  accidental  explosion.  Anode  and  Cathode  placement  design  in  that  wall 
avoided  a  section,  2-feet  on  any  side  of  the  point  of  maximum  moment. 
Appendix  D  shows  the  design  calculations  used. 
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EOP  Installation  Process 

An  EOP  system  consists  of  specialty  electrodes,  i.e.  anodes  (positively 
charged  electrodes)  and  cathodes  (negatively  charged  electrodes),  a  con¬ 
trol  unit,  and  electrical  wiring.  Installing  an  EOP  system  is  comprised  of 
the  following  steps: 

1.  Locate  reinforcing  steel  in  the  concrete  (Figure  E-i).  This  serves  two 
purposes:  first  to  identify  locations  to  tie  into  the  rebar  to  protect  it 
from  stray  current  corrosion  and  second,  to  prevent  damaging  it 
while  cutting  or  chipping  the  slots  to  embed  the  anodes  during  the 
installation  process. 

2.  Saw  cut  or  chip  slots  and  grooves  in  the  concrete  for  anode  place¬ 
ment  approximately  1V4  to  1V2  inch  deep.  Figure  E-2  shows  the  saw 
cutting  of  a  construction  joint.  Figure  E-3  shows  chipping  a  groove 
for  an  anode. 

3.  Drill  holes  for  cathodes.  3V2  inch  diameter  cores  were  cut  into  the 
concrete  approximately  2  inches  deep.  Centered  inside  the  core 
holes,  1V4  inch  diameter  holes  were  drilled  through  the  concrete  to 
the  exterior  of  the  structure  at  the  cathode  locations,  Figure  E-4. 

4.  Drill  holes  for  rebar  connections.  Two  3V2  inch  diameter  cores  were 
cut  into  the  concrete  and  then  the  reinforcing  steel  exposed  using  a 
chipping  hammer,  Figure  E-5.  Electrical  resistance  measurements 
were  made  to  ensure  electrical  continuity  between  the  two  points. 
Two  locations  were  chosen  for  redundancy  in  the  event  that  a  lead 
wire  should  ever  short  out. 

5.  Wiring  slots  cut.  Slots  approximately  3/s  inch  wide  and  1  inch  deep 
were  cut  in  the  concrete  parallel  to  the  anode  slots  to  embed  lead 
wires  in,  Figure  E-6. 

6.  Concrete  chips  from  the  cutting  and  chipping  operations  were 
swept  up  and  removed  and  the  excess  dust  removed  using  a  shop 
vacuum.  Saws  and  chipping  hammers  were  all  equipped  with  va¬ 
cuum  attachments  to  minimize  free  dust  in  the  work  area. 

7.  Seal  floor  cracks.  There  was  no  evidence  of  water  penetrating  the 
magazines  through  cracks  in  the  concrete.  However,  visible  floor 
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concrete  cracks  were  sealed  by  routing  them  first  approximately  Vi 
inch  deep.  Dust  and  concrete  chips  were  removed  and  the  grooves 
further  cleaned  by  spraying  water  on  them.  The  grooves  were  dried 
using  a  propane  torch  (Figure  E-7).  The  cracks  were  then  filled  with 
epoxy  sealant,  Figure  E-8  and  Cut  Sheet  1  in  Appendix  F. 

8.  Install  anodes.  Mesh  style  anodes  (see  Cut  Sheet  2  in  Appendix  F 
for  Manufacturer’s  Data  Sheet)  were  prepared  beforehand  by  cut¬ 
ting  them  to  a  predetermined  length  and  exothermically  welding  a 
titanium  wire  connector,  Figure  E-9  in  the  center  of  the  section. 
These  prepared  anodes  were  placed  in  the  prepared  slots  according 
to  the  EOP  design.  The  lead  wires  were  connected  to  the  anode  and 
the  connection  sealed  using  heat  shrink  tubing.  Cut  Sheet  3  in  Ap¬ 
pendix  F  describes  the  lead  wires  used  and  Cut  Sheet  4  the  heat 
shrunk  tubing  used.  Figure  E-10  is  a  drawing  of  the  connection.  The 
anodes  were  tested  for  shorts  onto  the  reinforcing  steel.  Where 
shorts  occurred,  the  anode  was  wrapped  with  electrical  tape  ap¬ 
proximately  a  minimum  of  V2  inch  on  each  side  of  the  short  loca¬ 
tion.  The  lead  wires  were  attached  to  each  anode  segment  and  the 
anodes  grouted  into  place  with  cementious  grout,  Figure  E-11.  Mas- 
terflow  928  grout,  Cut  Sheet  5  in  Appendix  F,  was  used  to  grout  in 
the  anodes  on  horizontal  surfaces  and  the  Sika  223,  Cut  Sheet  6  in 
Appendix  F,  on  vertical  surfaces.  These  grouts  are  used  for  their 
electrical  properties. 

9.  Install  cathodes.  The  cathodes  are  standard  8  foot  long  copper  clad 
steel  grounding  rods  (See  Cut  Sheet  7  in  Appendix  F).  The  top  3-feet 
of  the  cathodes  were  wrapped  using  electrical  tape  and  driven 
through  the  prepared  holes  into  the  soil  outside  the  structure  so  the 
top  half  inch  of  the  rod  was  above  the  bottom  of  the  core  cut.  The 
bottom  of  the  drilled  hole  was  then  packed  with  oakum,  Figure  E- 
12.  The  lead  wire  was  attached  to  the  cathode  using  an  exothermic 
weld  (Figure  E-13).  Cut  Sheet  8  in  Appendix  F  is  the  manufacturer’s 
Data  Sheet  for  the  welding  device.  The  top  of  the  cathode  and  the 
lead  wire  connection  was  embedded  in  epoxy  (Figure  E-14).  Once 
the  epoxy  was  cured  the  hole  was  filled  with  the  same  cementitious 
grout  used  to  grout  in  the  anodes  (Figure  E-15). 

10.  Connect  reinforcing  bars.  A  Vs  inch  diameter  hole  was  drilled 
through  the  exposed  rebar.  The  hole  was  threaded  using  a  threading 
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tap.  A  standard  round  wire  connector  was  attached  to  the  lead  wire 
and  attached  to  the  rebar  using  a  screw  (Figure  E-16).  The  rebar 
was  embedded  in  epoxy  and  once  it  had  cured  the  hole  was  filled 
using  cementitious  grout. 

n.  Embed  lead  wires.  A  hole  was  drilled  at  the  floor  level  through  the 
head  wall  to  pass  the  lead  wires  out  of  the  magazine,  Figure  E-17. 
The  lead  wires  were  placed  in  the  prepared  slots  and  fed  through 
the  hole  in  the  head  wall  to  the  exterior  of  the  magazine.  The  lead 
wires  were  then  embedded  in  the  concrete  using  the  non-shrink 
cementious  grout,  Figure  E-18.  The  Masterflow  928  grout  was  used 
on  horizontal  surfaces  and  the  Sika  123  on  vertical  surfaces. 

12.  Mount  connector  box.  A  connector/distribution  box  with  bus  con¬ 
nectors  was  mounted  on  the  exterior  of  the  front  end  wall  (Figure 
E-19).  The  lead  wires  were  fed  through  PVC  plastic  conduit  from  the 
head  wall  hole  in  the  magazine  to  the  connector  box  (Figure  E-20). 

13.  Install  the  control  unit.  The  central  EOP  controller  was  installed 
centered  between  the  eleven  magazines  (Figure  E-21).  Cut  Sheet  9 
is  the  manufacture’s  specification  for  the  control  unit  box.  A  con¬ 
crete  pad  was  poured  and  a  mounting  frame  assembled  on  it.  The 
control  unit  was  mounted  to  the  frame,  Figure  E-22. 110  volt,  60 
cycle  power  was  provided  through  underground  conduit  to  the  con¬ 
trol  unit  through  a  standard  circuit  breaker  box  (Figure  E-23).  The 
control  unit  is  designed  to  convert  the  incoming  AC  power  to  the 
pulsed  direct  current  and  distribute  it  to  each  magazine.  Figure  E- 
24  shows  the  inside  of  the  control  unit. 

14.  Connect  power  to  the  magazines.  PVC  conduit  was  installed  under¬ 
ground  between  the  central  controller  to  each  connector  box  on  the 
front  end  wall  of  each  magazine.  Lead  wires  were  run  and  con¬ 
nected.  Once  connected,  the  power  in  the  control  unit  was  turned 
on.  The  pulse  was  then  set  on  the  control  unit.  Figure  E-25  shows  a 
plot  of  the  EOP  pulse  produced  at  Fort  A.P.  Hill. 

15.  To  test  the  EOP  installation  and  ensure  that  all  of  the  water  leaks 
were  addressed,  water  was  sprayed  on  top  of  the  magazines  at  a  rate 
of  750  gallons  per  minute  for  30  minutes,  Figure  E-26.  This  tho¬ 
roughly  saturated  the  soil  cover.  Leaks  were  then  located  and  the 
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injected  using  a  hydrophilic  urethane  material,  Figure  E-27.  Cut 
Sheet  10  in  Appendix  F  is  the  manufacturer’s  specification  for  the 
injection  foam  used. 

Full-Scale  Magazine  Testing 

An  electro-osmotic  pulse  system  was  installed  in  Magazine  2  at  Fort  A.P. 
Hill,  VA.  Magazine  2  has  a  floor  area  11-feet  wide  and  30-feet  long.  There 
is  a  15  inch  high  concrete  knee  wall  along  the  sides  of  the  magazine  on 
which  the  corrugated  steel  arch  ceiling  is  mounted.  The  ceiling  radius  is 
approximately  5-feet  6V2  inches.  At  the  ends  of  the  magazine  are  concrete 
head  walls.  All  of  the  concrete  is  steel  reinforced.  The  walls  are  approx¬ 
imately  11  inches  thick  and  the  floor  6  inches  thick.  The  magazine  has  air 
vents  in  each  door  section  (Figure  E-28)  and  another  in  the  ceiling  at  the 
rear  of  the  magazine,  Figure  E-29.  Figure  E-30  is  standard  drawing  show¬ 
ing  the  construction  detail. 

A  series  of  tests  were  performed  on  this  magazine  to  address  ammunition 
safety  concerns  and  to  validate  the  effectiveness  of  the  EOP  system  to  dry 
out  and  keep  the  interior  of  the  magazine  dry.  The  following  testing  was 
performed. 

Sparking  Potential  Evaluation 

Sparking  potential  was  determined  in  the  full  scale  ECM  by  measuring 
electrical  potential  differences  between  different  locations  on  the  steel 
arch,  differences  between  the  steel  arch  and  metal  pallets  positioned  inside 
the  magazine  and  between  metal  pallets  positioned  on  the  floor  of  the 
magazine. 

The  electrical  potential  was  measured  between  six  locations  on  the  steel 
arch.  Figure  E-31  is  a  drawing  of  the  magazine  steel  arch,  the  numbers  in¬ 
dicate  the  locations  the  measurements  were  made  between. 

Electrical  potentials  were  also  measured  between  the  steel  arch  and  metal 
pallets  positioned  on  the  floor  of  the  magazine.  Measurements  were  made 
with  the  EOP  system  turned  off  and  with  the  system  turned  on.  Electrical 
potentials  were  also  measured  between  the  pallets.  Figure  E-32  is  a  draw¬ 
ing  of  the  magazine  floor  showing  the  pallet  locations  and  where  mea¬ 
surements  were  made  and  Figure  E-33  is  a  photo  of  the  magazine  with  the 
metal  pallets  inside. 
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Hydrogen  Gas  Generation  Evaluation 

Mr.  Jack  E.  Bennett  of  J.E.  Bennett  Consultants,  Inc.  installed  the  test  ap¬ 
paratus  in  three  magazines  at  Fort  A.P.  Hill.  Once  the  apparatus  was 
ready,  Mr.  Bennett  conducted  the  testing  and  prepared  the  analysis  and 
conclusions. 

Thermodynamics 

In  order  for  hydrogen  to  be  evolved  from  aqueous  media,  potentials  at  the 
steel  surface  must  be  more  negative  than  -0.739  V  versus  Normal  Hydro¬ 
gen  Electrode  (NHE),  or  more  negative  than  -0.981  V  versus  Saturated 
Calomel  Electrode  (SCE).  This  assumes  a  temperature  of  250  C,  pressure  of 
1.0  atmosphere,  and  a  pH  of  12.5,  which  are  typical  for  steel  in  uncarbo¬ 
nated  concrete.  This  is  confirmed  by  an  analysis  presented  on  Page  114  of 
the  “Atlas  of  Electrochemical  Equilibria  in  Aqueous  Solutions”  by  Marcel 
Pourbaix,  NACE  International,  Houston,  TX,  1974.  Figure  E-34  is  a  copy  of 
the  potential-pH  equilibrium  diagram  for  the  system  hydrogen-water  on 
Page  114.  This  has  been  confirmed  by  several  experimental  studies. 

Potentials  more  negative  than  -0.981  Vsce  can  be  achieved  only  in  the  ab¬ 
sence  of  oxygen,  since  oxygen  is  reduced  at  potentials  more  negative  than 
+0.247  Vsce,  making  oxygen  reduction  the  preferred  cathodic  reaction  un¬ 
der  normal  conditions.  This  is  also  shown  on  the  attached  potential-pH 
equilibrium  diagram  by  Pourbaix. 

If  hydrogen  were  generated,  then  that  hydrogen  would  be  effectively  de¬ 
stroyed  (oxidized  back  to  water)  if  it  came  in  contact  with  the  surface  of 
any  anode,  or  with  any  steel  surface  less  negative  than  -0.981  Vsce  within 
the  concrete. 

Cathodic  Protection  Experience 

Cathodic  protection  (CP)  experience  is  relevant  since  the  environment  and 
current  densities  used  for  CP  are  roughly  the  same  as  those  used  for  EOP. 
CP  current  densities  range  from  about  3A  to  2  mA/ft2  of  steel.  Hydrogen 
evolution  at  the  surface  of  cathodically  protected  steel  has  been  a  concern 
in  the  field  of  cathodic  protection  since  atomic  hydrogen  could  diffuse  into 
high-strength  prestressed  or  postensioned  steel,  resulting  in  hydrogen 
embrittlement  of  the  steel  and  possible  structure  failure.  This  possibility 
was  examined  under  FHWA  Contract  DTFH61-92-C-00030,  performed  by 
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ELTECH  Research  Corporation,  in  1991-1997.  That  contract  found  that 
potentials  sufficiently  negative  to  generate  hydrogen  were  rarely  achieved 
during  cathodic  protection  in  steel  reinforced  concrete.  Steel  potentials 
more  negative  than  -0.981  Vsce  were  found  to  be  limited  to  instances 
where  the  concrete  was  saturated  with  water,  in  which  case  the  cathodic 
reaction  was  not  depolarized  by  oxygen  reduction.  Even  then,  post  analysis 
did  not  reveal  any  hydrogen  content  in  the  steel,  or  any  adverse  effect  on 
the  mechanical  properties  of  the  prestressing  steel. 

Calculations  of  Relevance 

Calculations  were  conducted  to  examine  the  relevance  of  hydrogen,  if  gen¬ 
erated  by  the  EOP  process.  Calculations  were  made  for  a  bunker  measur¬ 
ing  50  x  24  ft,  and  where  ELGARD-150  anode  ribbon  was  installed  around 
the  perimeter  of  the  bunker  and  along  a  central  construction  joint.  Operat¬ 
ing  current,  maximum  amount  of  hydrogen  generated  (assuming  worst 
case,  100%  efficiency  for  H2),  and  time  to  reach  the  lower  combustion  limit 
(4%  H2  in  air)  was  calculated.  It  was  assumed  that  the  void  in  the  bunker 
was  50%  occupied.  Following  are  the  results  of  those  calculations: 

•  Interior  volume  of  magazine:  11,322  ft3,  or  320,603  liters 

•  Air  volume  in  the  magazine:  5,661  fts,  or  160,302  liters 

•  H2  needed  to  reach  combustion  limit:  6,412  liters,  or  286  g-moles 

•  Maximum  design  current :  258  milliamps  (average  current) 

•  Charge  needed  to  generate  H2:  (2X26.8)  =  53.6  A-hr/g-mole 

•  Time  needed  to  reach  combustion  limit:  59,417  hours  or  6.8  years 

The  calculations  indicate  that  even  if  100%  of  the  cathodic  current  was  to 
generate  hydrogen,  and  if  all  of  that  hydrogen  made  its  way  into  the  air  vo¬ 
lume  of  the  bunker,  nearly  7  years  would  be  needed  to  reach  the  lower 
combustion  limit,  assuming  that  the  air  volume  was  completely  captive  for 
that  period  of  time.  It  is  not  likely  that  hydrogen  generated  at  these  very 
low  rates  would  pool  or  segregate  at  the  top  of  the  magazine. 

Significant  generation  of  hydrogen  as  a  result  of  the  EOP  process  is  unlike¬ 
ly.  Even  if  hydrogen  were  generated,  any  adverse  consequence  of  that  gen¬ 
eration  is  also  extremely  unlikely. 
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Test  Setup 

Tests  were  conducted  at  Fort  A.P.  Hill,  Virginia,  to  assess  the  possibility  of 
hydrogen  evolution  in  a  munitions  bunker  as  a  result  of  EOP.  In  order  to 
generate  atomic  hydrogen  from  aqueous  media,  potentials  at  the  steel  sur¬ 
face  must  be  more  negative  than  -0.739  V  versus  Normal  Hydrogen  Elec¬ 
trode  (NHE),  or  more  negative  than  -0.981  V  versus  Saturated  Calomel 
Electrode  (SCE).  The  thermodynamics  of  this  process  are  discussed  in  de¬ 
tail  in  a  report  entitled  “Hydrogen  Risk  Assessment”  by  J.E.  Bennett. 

Four  potential  wells  were  installed  in  the  back  wall  of  the  munitions  bunk¬ 
er  in  which  the  EOP  process  had  been  installed.  Each  potential  well  con¬ 
sisted  of  a  3A”  diameter  hole  drilled  to  the  top  surface  of  a  reinforcing  bar, 
and  insertion  of  a  V2”  diameter  plastic  tube,  which  was  then  filled  with  Si- 
ka-223  cementitious  grout.  The  plastic  tube  was  allowed  to  extend  beyond 
the  concrete  wall  about  V4”.  Figure  E-35  is  a  diagram  of  the  test  setup  and 
Figure  E-36  is  a  photograph  of  the  test  setup.  A  reference  electrode  placed 
on  the  end  of  the  tube  could  therefore  measure  the  half-cell  potential  of 
the  reinforcing  steel  embedded  in  the  concrete.  The  four  potential  wells 
were  located  in  “most  cathodic  locations”  immediately  adjacent  to  the 
anode  ribbons.  Two  were  located  14”  above  the  floor,  and  two  were  located 
108”  above  the  floor.  A  complete  explanation  of  the  nature  and  use  of  po¬ 
tential  wells  is  given  in  NACE  International  Publication  11100,  “Use  of 
Reference  Electrodes  for  Atmospherically  Exposed  Reinforced  Concrete 
Structures,”  published  by  NACE  International,  March  2000. 

Reinforcing  Steel  Protection  Evaluation 

Mr.  Jack  E.  Bennett  of  J.E.  Bennett  Consultants,  Inc.  also  installed  the  test 
apparatus  in  three  magazines  at  Fort  A.P.  Hill  to  evaluate  the  steel  protec¬ 
tion.  Once  the  apparatus  was  ready,  Mr.  Bennett  conducted  the  testing  and 
prepared  the  analysis  and  conclusions. 

When  current  is  passed  through  steel  reinforced  concrete,  there  is  a  possi¬ 
bility  for  the  reinforcing  steel  to  become  a  bipolar  element.  This  can  occur 
because  the  passage  f  current  generates  a  voltage  gradient  across  the  steel, 
and  since  the  steel  offers  a  “path  of  least  resistance”,  some  current  will  tra¬ 
vel  that  path.  This  current,  commonly  called  “stray  current”,  is  potentially 
harmful  since  one  end  of  the  steel  element  will  become  anodic,  causing 
corrosion  of  the  steel.  This  possibility  is  illustrated  in  the  sketch  Figure  E- 
37- 
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As  illustrated  in  the  sketch,  stray  current  will  be  greatest  where  there  is  at 
least  a  double  mat  of  reinforcing  steel  and  where  the  two  or  more  mats  are 
electrically  continuous.  Stray  current  will  not  likely  be  an  issue  for  a  single 
mat  of  steel,  or  where  mats  are  electrically  discontinuous.  At  a  given  cur¬ 
rent  density,  the  amount  of  stray  current  flowing  through  the  steel  will  be 
dependent  mainly  on  two  parameters:  the  dimension  “X”  and  the  resistivi¬ 
ty  of  the  concrete.  Both  of  these  parameters  profoundly  affect  the  magni¬ 
tude  of  the  voltage  gradient  across  the  steel. 

EOP  complicates  things  due  to  the  fact  that  it  undergoes  a  current-voltage 
reversal  during  its  pulse  cycle.  To  address  this,  the  EOP  system  makes  the 
steel  element  a  partial  cathode  via  the  use  of  a  diode  and  resistor  network 
as  shown  in  Figure  E-38. 

During  the  positive  cycle  the  field  is  applied  with  a  positive  potential  at  the 
anode  with  respect  to  the  cathode.  In  this  case  there  is  a  path  for  current 
flowing  onto  the  reinforcing  steel  to  be  diverted  to  the  cathode  via  Diode  2 
and  Variable  Resistor  2,  which  are  forward-biased  during  this  cycle  and 
conducting.  This  provides  a  safe  electron  path  to  the  cathode.  The  net  re¬ 
sult  is  that  the  steel  does  not  corrode.  In  this  cycle  Diode  1  is  reverse- 
biased  and  does  not  conduct.  Diode  1  presents  a  large  resistance  to  current 
flow  compared  to  the  resistance  of  the  media  between  the  anode  and  the 
reinforcing  steel. 

For  the  negative  cycle,  the  applied  electric  field  is  reversed  so  that  the 
anode  is  negative  with  respect  to  the  cathode.  In  this  case  Diode  2  is  re- 
verse-biased  and  does  not  conduct.  Diode  1  is  forward-biased  and  con¬ 
ducts,  allowing  current  that  flows  onto  the  rebar  a  safe  path  to  the  anode. 
The  time  period  of  the  negative  cycle  is  much  less  than  half  of  the  applied 
positive  half  cycle.  For  this  reason,  much  less  electro-osmotic  current  is 
observed  in  the  bulk  matrix. 

For  both  of  these  cycles,  only  one  diode  conducts  at  a  time.  Thus,  there  is 
never  a  complete  low  resistance  path  which  bypasses  the  entire  matrix.  If 
there  were  no  diodes,  and  only  resistors  in  the  network,  then  there  would 
be  very  little  current  that  would  flow  through  the  matrix  at  all,  resulting  in 
little  to  no  effective  electro-osmotic  current. 


The  values  of  the  Variable  Resistors  1  and  2  can  be  adjusted  to  create  a 
balance  between  the  steel  protective  current  and  the  matrix  electro- 
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osmotic  current.  This  is  important  in  order  to  maintain  a  balance  between 
protecting  the  reinforcing  steel  and  controlling  the  moisture  content  of  the 
matrix. 

When  designing  an  Electro-Osmotic  Pulse  system  and  employing  stray 
current  corrosion  mitigation,  the  constraint  of  an  allowable  estimated  cor¬ 
rosion  of  the  reinforcing  steel  must  be  considered. 

Test  Setup 

Five  pieces  of  #4  steel  rebar,  1  inch  long,  were  grouted  in  the  back  wall  of 
the  magazine  at  various  depths.  Attached  to  each  rebar  piece  was  a  lead 
wire  and  a  grout  filled  plastic  tube,  V4  inch  in  diameter.  Figure  E-39  shows 
the  stray-current  test  cell,  Figure  E-40  shows  the  stray-current  test  setup, 
and  Figure  E-41  shows  a  photograph  of  the  test  setup  once  it  was  installed. 
The  grout-filled  tube  is  to  allow  measurement  of  the  electrical  potential  at 
the  various  depths  and  the  lead  wired  allows  the  rebar  piece  to  be 
grounded  during  testing. 

Moisture  Intrusion  Evaluation 

Concrete  moisture  was  measured  before  the  EOP  system  was  turned  on 
and  for  a  period  following  system  activation.  The  relative  concrete  mois¬ 
ture  was  measured  at  four  different  depths  at  three  different  locations 
round  the  magazine:  on  the  surface,  1  inch  deep,  5  inches  deep  and  10 
inches  deep  in  11  inch  concrete  walls.  Figure  E-43  illustrates  the  locations 
where  the  tests  were  performed,  and  Figure  E-44  shows  a  photograph  of  a 
test  station. 

In  addition  to  the  depth  measurements  there  is  a  RH/T  sensor  embedded 
in  a  concrete  knee  wall  near  the  midpoint  of  the  side  wall  (Figure  E-45). 
The  EOP  system  collects  the  relative  humidity  of  the  concrete  and  the 
temperature  and  logs  it  for  download  and  analysis. 

Two  RH/T  sensors  and  data  loggers  (Figure  E-46)  are  located  in  the  maga¬ 
zine  with  the  EOP  system  activated  and  in  three  other  magazines  where 
the  system  is  not  yet  activated.  In  addition,  there  is  an  RH/T  sensor  and 
data  logger  located  approximately  200  yards  from  the  magazines  in  the 
ammunition  turn  in  yard  exposed  to  the  outside  weather  conditions. 
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Lightning  Protection  System  Interference  Evaluation 

The  EOP  system  was  installed  in  accordance  with  practices  for  lightning 
protection.  The  control  unit  is  grounded  and  all  exterior  wiring  is  run  un¬ 
derground  in  non-conductive  conduit. 

Hazards  of  Electromagnetic  Radiation  to  Ordnance  (HERO)  Evaluation 

Tests  were  conducted  on  magazines  to  detect  any  radio  frequency  (RF) 
emissions  produced  and  to  measure  electromagnetic  (EM)  radiation  from 
the  anodes  installed  in  the  magazines. 

The  detailed  results  of  a  HERO  (Hazards  of  Electromagnetic  Radiation  to 
Ordnance)  evaluation  performed  on  the  EOP  installations  in  the  Fort  A.P. 
Hill  ammunition  bunkers  is  documented  separately  in  ERDC/CERL  Con¬ 
tract  Report  CR-09-2  (August  2009).  That  report  is  published  under  a  re¬ 
stricted  distribution  statement  because  it  contains  information  approved 
only  for  operational  and  administrative  use.  Authorized  users  from  U.S. 
government  agencies  or  their  contractors  may  request  a  copy  of  the  report 
directly  from  NSWCDD  (Q52),  Dahlgren,  VA  22448-5153. 

Radio  Frequency  Production  Evaluation 

Because  of  the  arched  shape  of  the  magazines,  RF  energy  can  amplify  due 
to  reflections  off  of  the  arch.  Using  the  device  shown  in  Figure  E-47,  field 
measurements  are  within  tolerable  limits  with  the  EOP  system  operating 
in  an  ECM. 

Electromagnetic  Field  Induction  Evaluation 

EM  radiation  was  measured  on  at  stand-off  distances  of  1  inch,  4  inches,  8 
inches  and  12  inches  from  the  anodes  embedded  in  the  concrete  of  the 
ECM  using  a  magnetometer  (Figure  E-48). 

Test  Results 

The  following  describe  the  test  results  for  each  test  performed. 

Sparking  Potential  Evaluation  Results 

Table  E-i  contains  the  voltage  values  measured  between  the  test  points  on 
the  steel  arch.  Table  E-2  contains  the  voltage  values  measured  between  the 
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metal  pallets  and  the  steel  arch  and  adjacent  metal  pallets  with  EOP  acti¬ 
vated.  Table  E-2  shows  the  difference  in  potentials  which  indicates  the  po¬ 
tential  induced  by  the  EOP  system  onto  the  pallets. 

Hydrogen  Gas  Generation  Evaluation  Results 

Potentials  were  taken  at  two  current  levels:  the  first,  0.20  A,  is  typical  of 
design  current  for  the  EOP  system  installed  at  Fort  A.P.  Hill;  the  second, 
2.30  A,  is  about  10  times  design  current.  The  higher  current  therefore 
represents  worst  possible  case.  The  potentials  in  Table  E-3  labeled  “On  Po¬ 
tentials”  include  some  error  due  to  resistance  in  the  measurement  circuit. 
The  “Off  Potentials”  exclude  IR,  and  therefore  more  closely  represent  the 
true  half-cell  potential  at  the  surface  of  the  reinforcing  steel. 

Reinforcing  Steel  Protection  Evaluation  Results 

Test  results  from  the  rebar  probes  set  in  the  concrete  wall  were  at  first 
confusing.  All  probes,  regardless  of  depth,  were  being  polarized  cathodic 
with  the  passage  of  current,  and  current  measured  to  the  probes  confirmed 
this.  It  appeared  that  the  probes— and,  by  inference,  both  mats  of  reinforc¬ 
ing  steel— provided  cathodic  portion  to  a  bipolar  element,  but  the  anodic 
portion  was  not  known.  This  theory  was  confirmed  by  the  data  taken  from 
bunker  on  2  July  14,  2008  (see  Table  E-4).  Since  the  EOP  system  had  been 
turned  off  prior  to  this  visit,  accurate  static  potentials  could  be  taken  on  all 
rebar  probes.  Current  was  then  applied  with  the  reinforcing  steel  discon¬ 
nected  from  the  power  supply,  creating  the  maximum  opportunity  for 
stray  current.  All  the  probes  became  strongly  cathodic,  confirming  that  all 
of  the  steel  acted  as  the  cathode  side  of  a  bipolar  element.  When  40%  of 
the  cathodic  current  was  routed  to  the  reinforcing  steel,  the  probes  were 
less  cathodic  but  still  much  more  cathodic  than  their  static  potentials. 
These  data  verified  the  presence  of  strong  stray  current,  but  the  location  of 
the  anodic  portion  of  the  element  was  unidentified  at  that  time. 

Review  of  drawings  revealed  that  the  bunkers  at  Fort  A.P.  Hill  are  pro¬ 
tected  by  two  ground  loops,  located  approximately  5  ft  and  10  ft  outside 
each  bunker.  It  was  theorized  that  these  ground  loops,  and  possibly  the 
steel  shell  of  the  bunker  itself,  were  serving  as  the  anode  for  stray  current. 
A  series  of  10  test  points  was  setup  1  ft  below  the  surface  of  the  ground 
surrounding  bunker  2  to  test  this  theory.  The  locations  of  the  10  test  points 
are  shown  in  Figure  E-43  Test  points  1,  2,  9,  and  10  were  located  just 
above  the  grounding  loops  adjacent  to  the  concrete  apron  in  front  of  the 
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bunker.  These  points  were  quite  close  to  the  ground  loop  locations  indi¬ 
cated  by  the  drawings.  Test  points  3,  5,  and  7  were  located  above  the  inner 
loop,  but  very  high  on  the  soil  above  the  bunker.  Test  points  4,  6,  and  8 
were  located  above  the  outer  ground  loop,  but  also  relatively  high  on  the 
soil  surrounding  the  bunker. 

A  technician  was  present  to  locate  the  ground  loops  surrounding  bunker  2. 
The  technician  first  impressed  a  frequency  to  a  lightning  rod  on  top  of  the 
bunker.  Sensitive  equipment  was  then  used  to  detect  metallic  elements 
embedded  in  the  ground.  The  technician  could  find  no  evidence  of  the 
presence  of  ground  loops  as  indicated  on  the  drawings.  It  is  possible  that 
the  ground  loops  were  not  installed  as  shown  on  the  drawings,  or  that  elec¬ 
trical  connection  to  the  ground  loops  had  been  lost.  It  is  also  possible  that 
the  EOP  system,  which  was  operating  during  these  tests,  confounded  the 
operation  of  the  locating  equipment.  In  any  case,  this  uncertainty  makes 
the  following  data  more  qualitative  and  less  quantitative. 

In  order  to  measure  possible  stray  current,  a  piece  of  #5  reinforcing  steel 
(5/8  in.  diameter)  was  pounded  approximately  12  in.  into  the  ground  at  the 
test  points  indicated  on  Figure  E-43.  This  piece  of  reinforcing  steel  was 
masked  off  to  present  an  area  6  inches  long  (11.78  sq  in  or  0.0818  sq  ft). 
The  piece  of  reinforcing  steel  therefore  acted  as  a  rebar  probe,  which  was 
intended  to  relate  to  the  potential  and  polarization  of  the  ground  loops  as¬ 
sumed  to  be  located  about  6  in.  below  the  end  of  the  rebar  probe.  Tests 
were  taken  at  the  points  indicated  in  Table  E-5,  despite  doubt  about  loca¬ 
tion  of  the  ground  loops,  to  relate  to  stray  current  data  obtained  on  Ju¬ 
ly  14,  2008.  A  half  inch  diameter  hole  was  located  next  to  the  rebar  probe 
to  allow  an  SCE  reference  electrode  to  be  placed  adjacent  to  the  rebar 
probe.  Thus,  half-cell  potentials  in  mV  could  be  taken  of  the  active  surface 
of  the  probe  both  connected  and  disconnected  to  the  EOP  system  negative. 
The  potentials  shown  in  Table  E-6  were  “ON”  potentials  taken  during  the 
forward  portion  of  the  EOP  cycle.  Data  taken  on  July  14,  2008  with  40%  of 
cathodic  current  flowing  to  the  reinforcing  steel  were  obtained  using  a  12 
VDC  battery. 

A 10  O  resistor  was  connected  to  the  rebar  probe  so  that  a  digital  voltmeter 
installed  across  the  resistor  could  be  used  to  measure  current  flowing  to  or 
from  the  probe.  The  currents  shown  in  Table  E-5  were  recorded  during  the 
forward  portion  of  the  EOP  cycle.  Figure  E-44  shows  the  test  setup. 
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Figure  E-49shows  the  polarization  of  the  rebar  probe  in  the  anodic  direc¬ 
tion  when  the  probe  was  connected  to  the  EOP  system  negative  as  a  func¬ 
tion  of  percentage  cathodic  current  flowing  to  the  reinforcing  steel.  The 
balance  of  the  current  is  directed  to  the  remote  cathode.  The  graph  shows 
that  the  rebar  probe  shifted  more  anodic  (corrosive)  when  more  current 
was  directed  to  the  remote  cathode.  This  clearly  indicates  that  the  field 
generated  by  the  EOP  system  was  causing  stray  current,  and  therefore 
stray-current  corrosion.  At  first  it  was  puzzling  that  the  polarization  of  the 
rebar  probe  was  still  about  200  mV  anodic  even  when  100%  of  the  current 
was  directed  to  the  reinforcing  steel,  in  which  case  the  EOP  system  effec¬ 
tively  became  a  cathodic  protection  (CP)  system.  This  result  is  contrary  to 
CP  experience,  as  CP  systems  have  not  caused  anodic  shift  of  steel  ele¬ 
ments  embedded  in  either  the  concrete  or  surrounding  soil. 

Figure  E-50  shows  the  current  measured  to  the  rebar  probe  when  the 
probe  was  connected  to  the  EOP  system  negative  as  a  function  of  percen¬ 
tage  of  current  to  the  reinforcing  steel.  The  direction  of  current  flow  indi¬ 
cates  corrosion  of  the  rebar  probe.  This  result  agrees  with  the  anodic  pola¬ 
rization  shift  shown  on  Figure  E-49.  Again,  the  data  suggested  that 
significant  corrosion  of  the  rebar  probe  was  occurring  even  when  100%  of 
the  cathodic  current  was  directed  to  the  reinforcing  steel.  As  noted  above, 
this  is  not  consistent  with  CP  system  behavior. 

Additional  tests  were  conducted  4  November  2008  to  clarity  the  apparent 
corrosion  of  the  probe  when  100%  of  the  cathodic  current  was  directed  to 
the  reinforcing  steel.  Data  taken  at  that  time  are  shown  in  Tables  E-6  and 
E-7.  Especially  significant  are  data  taken  with  the  EOP  power  supply  off 
and  disconnected,  as  shown  in  Table  E-8  These  data  show  corrosion  of  the 
probe  unrelated  to  the  EOP  system.  This  corrosion  is  probably  a  result  of 
soil  conditions  and/or  the  action  of  dissimilar  metals  in  electrical  contact. 
The  polarization  data  points  labeled  (x)  immediately  to  the  right  of  the 
graph  box  on  Figures  E-49  and  E-50  represent  data  taken  4  November 
2008  with  the  EOP  power  supply  off  and  disconnected.  These  data  prove 
that  corrosion  of  the  probe  observed  with  a  large  percentage  of  cathodic 
current  directed  to  the  reinforcing  steel  was  not  a  result  of  EOP  operation. 

Moisture  Intrusion  Evaluation  Results 

Table  E-4  lists  the  relative  moisture  of  the  concrete  over  time  at  the  1010, 
5,  and  1  in.  depths  and  at  the  surface  for  each  of  the  wall  three  locations  in 
the  magazine.  Figures  E-51  —  E-53  are  plots  of  the  relative  moisture  data. 
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Figure  E-54  is  a  plot  comparing  outdoor  air  temperature  with  the  interior 
air  temperature  for  the  test  magazine  with  EOP  applied  and  another  mag¬ 
azine  without  EOP  over  time.  A  portion  of  the  outdoor  data  is  missing  be¬ 
cause  of  a  failure  of  the  data  logger.  Figure  E-55  is  a  plot  comparing  out¬ 
door  dew  point  with  the  dew  points  inside  the  test  magazine  and  another 
without  EOP  over  time,  and  Figure  E-56  is  a  plot  comparing  the  relative 
humidity  values.  Again,  the  gap  in  data  for  the  outside  dew  point  and  rela¬ 
tive  humidity  is  a  result  of  data  logger  malfunction.  Figure  E-57  is  a  plot 
indicating  the  condensation  potential  for  the  test  magazine  compared  with 
a  magazine  without  EOP  activated  over  time.  Where  the  plots  go  below  ze¬ 
ro,  the  dew  point  temperature  exceeded  the  air  temperature.  Moisture  in 
the  air  can  condense  out  in  those  conditions. 

Table  E-5  lists  the  average  temperature,  dew  point  and  relative  humidity 
for  the  magazine  with  EOP  installed  and  a  magazine  without  EOP  compar¬ 
ing  them  to  the  outside  average  temperature,  dew  point  and  relative  hu¬ 
midity.  It  also  indicates  the  standard  deviations,  maximum  and  minimum 
values  for  each  parameter. 

Lightning  Protection  System  Interference  Evaluation  Results 

Upon  the  recommendation  of  the  U.S.  Army  Technical  Center  for  Explo¬ 
sives  Safety,  lightning  protection  was  added  to  the  EOP  System  at  the 
point  where  the  leads  enter  the  magazine.  The  intent  is  to  prevent  a  power 
surge  from  a  lightning  strike  from  traveling  back  through  the  EOP  system 
and  propagating  to  other  magazines.  To  accomplish  this,  a  metal-oxide  va¬ 
ristor  (MOV)  was  added  between  the  anode  and  cathode,  the  anode  and 
rebar,  and  the  cathode  and  rebar  circuits.  Figure  E-58  shows  a  magazine 
terminal  box  with  MOVs  installed.  Following  a  lightning  storm,  the  MOV 
between  the  cathode  and  rebar  was  blown. 

HERO  Evaluation  Results 

Based  on  the  data  obtained  from  measurements  and  from  the  proposed 
guidance  on  Maximum  Allowable  Environment  (MAE)  limits  for  magnetic 
fields,  it  is  concluded  that  the  EOP  system  operating  with  current  pulses 
less  than  or  equal  to  lA  does  not  produce  magnetic  field  transients  that 
would  pose  a  threat  to  HERO  UNSAFE/UNRELIABLE  ORDNANCE 
(ERDC/CERL  CR-09-2).  Furthermore,  with  linear  extrapolation  to  the 
maximum  3A  operating  level  of  the  system,  a  threefold  increase  in  the 
EOP-generated  magnetic  field  strength  would  be  less  than  or  equal  to  a 


ERDC/CERL  TR-09-23 


E17 


factor  of  3  increase  in  the  to  id  T  minimum  detectable  level  in  the  oscillos¬ 
cope  traces  in  Figures  7  through  9  in  ERDC/CERL  CR-09-2.  Therefore, 
even  at  this  maximum  3A  operating  level,  a  maximum  EOP  field  of  30  u  T 
remains  less  than  the  40  u  T  threshold  for  exceeding  the  MAE. 

Discussion 

The  EOP  system  was  activated  on  2  November  2006.  On  25  January  2007 
during  field  testing,  the  system  quit  pulsing.  The  system  was  deactivated 
and  a  new  control  unit  was  designed  so  that  all  of  the  magazines  could  be 
controlled  by  a  single  control  unit  which  had  the  capability  of  logging  data 
and  communicating  via  modem  for  remote  monitoring.  The  new  control 
unit  was  developed  and  installed  in  June  2007.  During  a  site  visit  on  2  Oc¬ 
tober  2007  it  was  discovered  that  the  EOP  system  had  quit  working.  Ex¬ 
amination  of  the  control  unit  showed  that  the  main  bus  card  in  the  con¬ 
troller  had  failed.  Data  retrieved  from  the  controller  data  logger  contained 
data  starting  19  June  and  ending  29  July  2007.  The  card  was  removed  and 
shipped  back  to  the  manufacturer  for  repair.  The  repaired  card  was  in¬ 
stalled  in  on  29  November  2007  and  the  EOP  system  reactivated. 

Sparking  Potential 

The  test  results  indicate  that  the  EOP  system  will  not  induce  an  electric 
charge  on  the  steel  arch  or  on  metal  pallets  or  other  metal  containers 
placed  inside  an  ammunition  storage  magazine.  In  order  to  produce  a 
spark,  an  electrical  charge  of  20  kV  per  inch  is  required.  Tests  indicated 
that  that  level  of  induced  charge  will  not  occur.  The  highest  potential 
measured  (Table  E-2)  is  -7,420  mV.  The  highest  potential  induced  by  the 
EOP  system  (Table  E-2)  is  8,088  mV  located  directly  over  an  anode.  A 
second  pallet  positioned  directly  over  an  anode  has  i/ioth  the  induced  vol¬ 
tage  from  the  EOP  system,  720  mV.  For  a  separation  of  1/1000  inch,  a 
static  charge  of  20  volts  (20,000  mV)  is  required  to  produce  a  spark.  The 
EOP  induced  potential  is  40%  of  the  voltage  necessary  to  produce  a  spark 
at  a  separation  of  1/1000  inch.  The  EOP  system  will  therefore  not  produce 
a  spark  from  metal  materials  set  on  the  concrete  floor  of  a  magazine. 

Hydrogen  Gas  Generation 

The  above  test  results  prove  conclusively  that  neither  atomic  nor  molecu¬ 
lar  hydrogen  are  being  generated  at  the  reinforcing  steel  as  a  result  of  op¬ 
erating  the  EOP  system  at  Fort  A.P.  Hill.  The  most  negative  potentials 
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measured  were  over  400  mV  too  positive  to  generate  hydrogen.  The  domi¬ 
nant  half-cell  reaction  at  the  reinforcing  steel  is  therefore  reduction  of  at¬ 
mospheric  oxygen. 

Reinforcing  Steel  Protection 

A  variety  of  different  metals  come  into  play  at  this  location.  There  are  the 
galvanized  steel  arches,  the  carbon  steel  reinforcing  in  the  concrete,  and  a 
copper  grounding  and  lightning  protection  system.  Because  of  the  differ¬ 
ent  potentials  in  the  metals,  stray  current  is  being  produced  without  the 
EOP  system.  Because  these  are  50-year-old  structures,  it  is  possible  that 
grounding  loops  shown  on  the  drawings  for  bunker  2  could  not  be  located 
because  they  are  corroding  or  corroded  away  in  places.  The  exact  status  of 
the  grounding  loops  is  not  known  at  this  time.  In  addition  to  the  varieties 
of  metals  in  the  magazines,  there  is  old,  abandoned  electrical  wiring  in  the 
ground.  It  is  possible  that  these  wires  are  not  all  dead.  Based  on  the  data 
obtained  with  the  EOP  system  off  and  disconnected,  the  EOP  system  could 
potentially  divert  some  of  the  stray  current  in  the  ground  back  to  the  EOP 
control  unit  and  provide  limited  stray  source  current  protection. 

Moisture  Intrusion 

Over  the  period  of  1V2  years  since  the  EOP  system  was  installed,  no  mois¬ 
ture  or  dampness  was  observed  in  the  magazine  with  EOP  operating  in  it. 
Army  personnel  working  at  the  ammunition  supply  point  commented  that 
the  floors  of  magazines  without  EOP  have  gotten  damp  on  occasion  and 
becomes  slippery  for  the  forklift  operations. 

Figures  E-55,  E-56,  and  E-57  indicate  that  once  the  EOP  system  is  turned 
on,  the  concrete  moisture  content  is  greatly  reduced  within  a  few  days  of 
operation.  However,  soil  moisture  outside  the  structure  can  affect  the 
amount  of  moisture  in  the  concrete  closest  to  the  soil.  Rain  and  soaking  of 
the  soil  for  the  first  several  weeks  are  reflected  in  the  moisture  measure¬ 
ments,  but  the  concrete  moisture  content  is  unaffected.  After  40  days  the 
moisture  level  in  the  concrete  becomes  fairly  uniform  throughout  and  is 
not  affected  by  external  moisture,  maintaining  a  level  of  18-20%. 

The  air  temperature  inside  the  magazines  are  cooler  than  the  outside  tem¬ 
perature  during  warm  weather  (Table  E-5)  and  warmer  during  cold 
weather.  This  is  typical  of  underground  structures.  The  relative  humidity 
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also  follows  that  trend.  However,  the  dewpoint  is  generally  higher  inside 
the  magazines.  This  may  be  related  to  the  temperature  and  ventilation. 

There  appears  to  be  little  difference  between  the  temperature  and  relative 
humidity  levels  measured  within  the  magazine  with  EOP  and  without 
EOP.  Since  the  magazines  are  ventilated,  the  relative  humidity,  and  tem¬ 
perature  should  be  similar. 

There  is  no  clear  difference  in  the  condensation  potential  for  a  magazine 
with  EOP  and  one  without  EOP.  The  advantage  of  the  EOP  is  that  it  pro¬ 
vides  a  mechanism  for  the  water  to  be  removed  once  it  condenses. 

Lightning  Protection  System  Interference 

The  blown  MOV  between  the  rebar  and  cathode  indicated  that  the  MOVs 
selected  were  too  small  and  needed  a  higher  capacity.  It  also  indicated  that 
since  the  rebar  is  a  part  of  the  grounding  system,  an  MOV  to  the  rebar  is 
not  needed.  They  are  only  needed  between  the  anode  and  cathode,  and  be¬ 
tween  the  anode  and  rebar  circuits. 

HERO 

One  of  the  anomalies  noted  during  HERO  testing  was  a  jump  in  emissions 
at  cracks  and  joints  in  the  magazine.  Multiple  magazines  were  evaluated  at 
Fort  A.P.  Hill  and  this  phenomenon  was  evident  in  all  that  were  tested. 
This  is  likely  a  result  of  the  stray  current  in  the  soil,  as  discussed  above. 

Conclusions 

An  EOP  system  was  installed  in  a  full  sized  earth-covered  magazine.  The 
EOP  system  was  activated  and  the  performance  monitored  and  safety  test¬ 
ing  performed. 

The  electrical  field  produced  by  an  EOP  system  in  an  ECM  will  not  induce 
potential  conditions  for  a  spark  to  occur  between  materials  stored  inside 
the  structure  or  between  the  materials  and  the  ECM. 

The  electrical  field  produced  by  an  EOP  in  an  ECM  will  not  generate  hy¬ 
drogen  gas  at  the  steel  reinforcing  in  the  concrete. 
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The  electrical  field  produced  by  an  EOP  in  an  ECM  prevents  water  from 
entering  the  ECM  through  the  concrete.  If  moisture  enters  the  structure  it 
provides  a  mechanism  to  remove  it  from  the  interior  surface. 

EOP  only  minimally  affects  the  relative  humidity  inside  the  ECM. 

A  properly  installed  EOP  system  will  protect  the  reinforcing  steel  from 
stray-current  corrosion  by  providing  an  electric  charge  on  the  reinforce¬ 
ment  and  cathodically  protecting  it. 

The  amount  of  current  going  to  the  rebar  affects  stray-current  corrosion 
potential.  This  potential  needs  to  be  evaluated  for  all  EOP  system  installa¬ 
tions. 

A  properly  installed  EOP  system  works  with  the  existing  lightning  protec¬ 
tion  system  and  will  not  propagate  charge  to  other  magazines. 

EOP  is  HERO  safe. 

Recommendations 

Based  on  the  testing  described  in  this  report,  electro-osmotic  pulse  tech¬ 
nology  should  be  incorporated  in  earth-covered  magazines  where  water 
intrusion  through  the  concrete  ceiling,  walls  and  floors.  The  system  should 
be  added  to  the  standard  ECM  construction  criteria  for  new  construction 
in  areas  with  high  water  tables  or  high  rainfall  or  other  precipitation. 
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Figure  E-l.  Locating  reinforcing  bars  in  concrete. 


Figure  E-2.  Saw  cutting  of  anode  slot. 
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Figure  E-3.  Chipping  of  anode  slot. 


Figure  E-4.  Drilling  of  hole  for  cathode  and  cathode  to  be  installed. 
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Figure  E-5.  Exposed  rebar. 


Figure  E-6.  Slot  for  lead  wires. 
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Figure  E-7.  Routed  of  floor  cracks  being  dried  following  cleaning. 


Figure  E-8.  Crack  being  filled  with  epoxy. 
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Figure  E-9.  Titanium  wire  connector  welded  to  anode. 


Figure  E-10.  Sketch  of  anode  lead  wire  connection. 
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Figure  E-ll.  Anode  being  grouted  in  slot. 


Figure  E-12.  Installation  of  oakum  around  a  cathode. 
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Figure  E-13.  Cathode  lead  wire  exothermic  weld  connection. 


Figure  E-14.  Epoxy  potting  of  cathode. 
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Figure  E-15.  Grout  finish  over  cathode. 


Figure  E-16.  Rebar  lead  wire  connection. 
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Figure  E-17.  Hole  through  head  wall  for  lead  wires. 


Figure  E-18.  Grouting  of  lead  wires  in  prepared  slot. 


ERDC/CERL  TR-09-23 


E30 


Figure  E-19.  Connector  box. 


Figure  E-20.  PVC  Conduit  from  magazine  to  connector  box. 
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EOP  AC 


Figure  E-21.  EOP  zone  layout. 


Figure  E-22.  EOP  Control  unit. 
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Figure  E-23.  Circuit  breaker  box. 


Figure  E-24.  Interior  of  EOP  control  unit. 
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Figure  E-25.  Plot  of  EOP  pulse  (voltage  along  vertical  axis  and  time  along  horizontal  axis). 


Figure  E-26.  Soaking  of  earth  cover  to  test  for  leaks. 
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Figure  E-27.  Leak  injection. 


Figure  E-28.  Door  air  vent. 
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Figure  E-29.  Ceiling  air  vent. 


Figure  E-30.  Standard  drawing  for  a  steel  arch  ECM. 
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Figure  E-31.  Drawing  indicating  electrical  potential  measurement  locations  on  steel  arch 

ceiling  of  magazine. 
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Figure  E-32.  Drawing  indicating  locations  of  metal  pallets  in  magazine  and  electrical  potential 

measurement  locations. 
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pH 

Figure  E-34.  potential-pH  equilibrium  diagram  for  the  system  hydrogen-water,  at  25  °C. 
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Remote  Cathode 


Figure  E-35.  Drawing  of  hydrogen  gas  generation  test  setup. 


Figure  E-36.  Photograph  of  hydrogen  gas  test  setup. 
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Figure  E-37.  Diagram  of  stray  current  corrosion  mechanism. 
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Figure  E-38.  Diagram  illustrating  stray  current  corrosion  protection  circuitry. 
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Figure  E-39.  Stray-current  test  cell. 


Figure  E-40.  Diagram  of  stray-current  test  setup. 
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Figure  E-41.  Photograph  of  stray-current  test  setup. 


Figure  E-42.  Diagram  of  concrete  moisture  test  locations  and  measurement  setup. 


ERDC/CERL  TR-09-23 


E45 


Figure  E-44.  Photo  of  test  setup. 
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Figure  E-45.  Interior  of  EOP  system  relative  humidity/temperature  sensor  wiring  box. 


Figure  E-46.  Relative  humidity/temperature  sensor  and  datalogger. 
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Figure  E-47.  Test  apparatus  to  detect  and  measure  radio  frequency  output. 


Figure  E-48.  Test  apparatus  for  measuring  electromagnetic  radiation. 
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Figure  E-49.  Anodic  shift  of  rebar  probe  when  connected  to  EOP  system  negative  as  a 

function  of  current  flow. 
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Figure  E-50.  Corrosion  current  on  rebar  probe  when  connected  to  EOP  system  negative  as  a 

function  of  current  flow. 
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Figure  E-51.  Plot  of  concrete  moisture  overtime  at  location  1,  Figure  E-43. 


Figure  E-52.  Plot  of  concrete  moisture  overtime  at  location  2,  Figure  E-43. 
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Temperature  vs.  Time 


Date 

Mag  with  EOP  —  Mag  without  EOP  Outside] 


Figure  E-54.  Plot  comparing  outdoor  temperature  with  interior  temperature  for  magazine  with 

and  without  EOP  vs  time. 


ERDC/CERL  TR-09-23 


E51 


Figure  E-55.  Plot  comparing  outdoor  dew  point  with  interior  dew  point  for  magazine  with  and 

without  EOP  vs  time. 


Relative  Humidity  vs.  Time 


Date 


—  Mag  with  EOP  Mag  without  EOP  Outdoors 


Figure  E-56.  Plot  comparing  outdoor  relative  humidity  with  interior  relative  humidity  for 
magazine  with  and  without  EOP  vs  time. 
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Condensation  Potential 
Magazine  with  EOP  vs.  Magazine  without  EOP 


Figure  E-57.  Plot  of  condensation  potential  temperature  for  magazine  with  and  without  EOP 

vs  time. 


Figure  E-58.  Magazine  connector  box  with  MOVs  installed. 
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Table  E-l.  Potentials  between  locations  on  steel  arch. 


Location* 

Potential  mV 

A 

mV 

14-Nov-06 

13-Dec-06 

1-2 

0.3 

-0.3 

-0.6 

1-3 

0.5 

-0.4 

-0.9 

1-4 

0.6 

-0.2 

-0.8 

1-5 

0.3 

-0.1 

-0.4 

1-6 

0.3 

0.0 

-0.3 

2-3 

0.2 

0.1 

-0.1 

2-4 

0.1 

0.0 

-0.1 

2-5 

0.1 

0.0 

-0.1 

2-6 

0.1 

0.0 

-0.1 

3-4 

0.2 

-0.3 

-0.5 

3-5 

0.3 

0.0 

-0.3 

3-6 

0.1 

0.0 

-0.1 

4-5 

0.3 

0.2 

-0.1 

4-6 

0.3 

0.2 

-0.1 

5-6 

0.3 

-0.1 

-0.4 

*From  Figure  E-31 
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Table  E-2.  Potentials  between  metal  pallets  and  steel  arch  and  between  adjacent  metal 
pallets  with  and  without  EOP  activated. 


Location 

Potential  mV 

A 

mV 

14-Nov-06 
w/  EOP 

13-Dec-06 

w/EOP 

1 

-168 

121 

289 

2 

-7420 

667.9 

8087.9 

3 

223 

-26.7 

-249.7 

4 

-568 

-2.8 

565.2 

5 

-7370 

-69 

7301 

6 

-931 

-210.8 

720.2 

7 

-358 

6.5 

364.5 

8 

-159 

396 

555 

9 

-725 

380.8 

1105.8 

10 

— 

452.5 

— 

11 

— 

278 

— 

12 

— 

299.5 

— 

13 

— 

-79.8 

— 

*From  Figure  E-32 


Table  E-3.  Reinforcing  steel  potentials  at  Fort  A.P.  Hill,  November  15,  2006  (mV  vs  SCE). 


Potential  Well 

Potentials  @  0.20  A 

On  Potential  Off  Potential 

Potentials  @  2.30  A 

On  Potential  Off  Potential 

A. 

-298  mV 

-298  mV 

-520  mV 

-492  mV  ; 

B. 

-190  mV 

-190  mV 

-583  mV 

-536  mV 

C. 

-198  mV 

-188  mV 

-547  mV 

-496  mV 

D. 

-32  mV 

-25  mV 

-601  mV 

-529  mV 
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Table  E-4.  Relative  moisture  in  concrete  at  various  depths  vs  time. 


Day 

No. 

Location 

Precip. 

1 

2 

3 

Depth 

(in) 

10 

5 

1 

0 

10 

5 

1 

0 

10 

5 

1 

0 

-2 

100.0 

100.0 

31.0 

19.4 

100.0 

100.0 

21.0 

11.6 

100.0 

44.0 

43.0 

22.0 

22500 

gal 

-1 

100.0 

100.0 

22.0 

15.9 

100.0 

92.0 

19.5 

20.1 

100.0 

62.3 

28.1 

25.1 

22500 

gal 

0 

89.0 

65.5 

18.5 

16.5 

93.7 

56.6 

17.6 

15.3 

88.1 

51.6 

24.7 

17.9 

4 

49.4 

30.7 

13.8 

28.9 

38.6 

10.5 

46.4 

27.7 

16.7 

5 

54.6 

34.3 

15.7 

53.2 

29.4 

14.9 

45.6 

35.0 

18.6 

Rain 

6 

50.6 

28.0 

18.8 

56.7 

30.5 

15.4 

41.1 

26.7 

22.6 

Rain 

11 

66.0 

40.5 

17.7 

17.4 

62.3 

37.9 

16.5 

18.0 

50.0 

47.2 

27.1 

23.0 

Rain 

12 

66.0 

36.7 

16.8 

22.0 

58.8 

37.0 

16.3 

19.5 

57.0 

40.6 

25.7 

22.2 

22500 

gal 

13 

64.5 

34.0 

18.0 

18.5 

54.0 

34.0 

13.8 

19.0 

59.0 

41.0 

23.0 

24.0 

22500 

gal 

14 

65.0 

38.0 

18.0 

21.0 

62.0 

37.0 

17.0 

20.0 

57.0 

42.0 

21.0 

34.0 

Rain 

41 

23.8 

47.6 

16.6 

16.2 

17.2 

17.5 

15 

17.5 

29.1 

33.1 

21.1 

22.4 

84 

23.1 

36.4 

12.1 

9.9 

13.8 

18.9 

10.7 

10.5 

26.2 

30.9 

14.2 

13.7 

250 

24.0 

38.0 

23.3 

23.1 

16.5 

20.8 

20.9 

25.3 

26.7 

32.4 

24.0 

30.0 

*From  Figure  E-42 


Table  E-5.  Temperature-relative  humidity  statistical  data  comparing  outdoor  conditions  with 
indoor  conditions  in  magazines  with  and  without  EOP. 


Location 

Statistic 

Temperature 

(°F) 

Dew  Point 

(°F) 

Relative 

Humidity 

(%) 

Outdoors 

Average 

62.9 

47.5 

62.7 

Standard 

Deviation 

17.5 

15.7 

23.4 

Maximum 

105 

74.7 

100 

Minimum 

15 

3.1 

8.2 

Mag  with  EOP 

Average 

53.9 

58.2 

44.9 

Standard 

Deviation 

12 

16.8 

19.2 

Maximum 

85.2 

94.9 

98.1 

Minimum 

34.5 

11.6 

5.8 

Mag  without  EOP 

Average 

58.3 

55.4 

46.9 

Standard 

Deviation 

9.8 

11.4 

16.6 

Maximum 

78.6 

85.1 

91.4 

Minimum 

38.4 

25 

13.6 
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Table  E-5.  Potentials  and  current  to  or  from  rebar  probes  to  evaluate  stray  current,  Bunker  2, 
November  11,  2006  (I  =  0.20  A,  mV  vs  SCE). 


PI 

P2 

P3 

P4 

P5 

On  Potential  (mV) 

-327 

-223 

-273 

-166 

-141 

Off  Potential  (mV) 

-318 

-127 

-248 

-162 

-127 

Current  (mA) 

-0.23 

-0.43 

-0.67 

-0.88 

-1.80 

Bunker  2,  July  11,  2007  (I  =  0.744  A,  mV  vs  SCE) 


PI 

P2 

P3 

P4 

P5 

On  Potential  (mV) 

-294 

-265 

-268 

-281 

-309 

Off  Potential  (mV) 

-210 

-224 

-229 

-228 

-228 

Current  (mA) 

-0.21 

-0.08 

-0.06 

-0.09 

-0.18 

Bunker  2,  July  11,  2007  (I  =  0.50  A,  mV  vs  SCE) 


PI 

P2 

P3 

P4 

P5 

On  Potential  (mV) 

-191 

-176 

- 

-190 

-340 

Off  Potential  (mV) 

-161 

-118 

- 

-163 

-326 

Current  (mA) 

-0.05 

-0.15 

-0.34 

-0.15 

-0.17 

Bunker  2,  July  14,  2008  (Total  I  =  1.61  A,  Steel  I  =  0.65  A,  mV  vs  SCE) 


PI 

P2 

P3 

P4 

P5 

Static  Potential,  No  Current  (mV) 

-107 

-105 

-111 

-110 

-129 

l-On  Potential,  Steel  Disconnected 
(mV) 

-324 

-314 

-315 

-314 

-324 

l-On  Potential,  Steel  Connected  (mV) 

-282 

-295 

-292 

-298 

-304 

Table  E-6.  Test  probe  half-cell  potentials  at  varying  amounts  of  cathodic  current  to  steel. 


Test  Point 

Static  Potential1 
(mV  vs  SCE) 

On  Potential1 
(mV  vs  SCE) 

Polarization2 

(mV) 

Rebar  Current3 
(mA) 

0%  of  Cathodic  Current  to  Reinforcing  Steel  (Reinforcing  Steel  Disconnected) 

1. 

-539 

-118 

421 

0.79 

2. 

-540 

-182 

358 

0.98 

9. 

-536 

-162 

374 

0.60 

10. 

-516 

-171 

345 

0.69 

Ave.1,2,9,104 

-533  mV 

-158  mV 

375  mV 

0.77  mA 

40%  of  Cathodic  Current  to  Reinforcing  Steel  (data  taken  07-14-08  with  battery) 

1. 

-525 

-219 

306 

2. 

-566 

-287 

279 

3. 

-454 

-422 

32 

4. 

-524 

-363 

161 

5. 

-464 

-396 

68 

6. 

-479 

-264 

215 
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Test  Point 

Static  Potential1 
(mV  vs  SCE) 

On  Potential1 
(mV  vs  SCE) 

Polarization2 

(mV) 

Rebar  Current3 
(mA) 

7. 

-535 

-458 

77 

8. 

-477 

-336 

141 

9. 

-480 

-228 

252 

10. 

-588 

-312 

276 

Ave.1,2,9,104 

540  mV 

262  mV 

278  mV 

84%  of  Cathodic  Current  to  Reinforcing  Steel 

1. 

-615 

-376 

239 

0.51 

2. 

-618 

-403 

215 

0.56 

5. 

-562 

-500 

62 

0.09 

6. 

-605 

-421 

184 

0.13 

9. 

-604 

-360 

244 

0.43 

10. 

-612 

-438 

174 

0.34 

Ave.1,2,9,104 

-612  mV 

-394  mV 

218  mV 

0.46  mA 

100%  of  Cathodic  Current  to  Reinforcing  Steel  (Remote  Cathode  Disconnected) 

1. 

-632 

-401 

231 

0.51 

2. 

-625 

-427 

198 

0.51 

5. 

-608 

-536 

72 

0.09 

6. 

-636 

-493 

143 

0.10 

9. 

-595 

-377 

218 

0.41 

10. 

-605 

-447 

158 

0.29 

Ave.1,2,9,104 

-614  mV 

-413  mV 

201  mV 

0.43  mA 

1  Data  in  mV  versus  a  saturated  calomel  reference  electrode. 

2  Data  in  mV.  Polarization  is  in  the  anodic  direction. 

3  Data  in  mA.  All  currents  represent  corrosion  of  the  probe. 

4  Data  from  test  points  1,  2,  9,  &  10  were  averaged  since  these  points  were  similar. 


Table  E-7.  Data  taken  November  4,  2008  with  EOP  power  supply  on. 


Test  Points 

Static  Potentiall 

On  Potentiall 

Ground  Potential 

Rebar  Current2 

1. 

-437 

-315 

-256 

0.234 

2. 

-480 

-348 

-310 

0.211 

5. 

-502 

-413 

-364 

0.046 

6. 

-451 

-382 

-267 

0.046 

9. 

-452 

-314 

-285 

0.186 

10. 

-461 

-342 

-322 

0.102 

1  Data  in  mV  versus  a  saturated  calomel  reference  electrode. 

2  Data  in  mA.  All  currents  represent  corrosion  of  the  probe. 
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Table  E-8.  Data  taken  November  4,  2008  with  EOP  power  supply  off  and  disconnected. 


Test  Points 

Static  Potential1 
(Disconnected) 

Potential2 

(Connected) 

Polarization 

Rebar  Current3 

1. 

-494 

-328 

166 

0.388 

2. 

-558 

-350 

208 

0.385 

5. 

-538 

-446 

92 

0.063 

6. 

-514 

-440 

74 

0.055 

9. 

-546 

-312 

234 

0.351 

10. 

-525 

-346 

179 

0.204 

Ave.l,  2,  9,  104 

-531  mV 

-334  mV 

197  mV 

0.332  mA 

1  Data  in  mV  versus  a  SCE  reference,  probe  disconnected  from  reinforcing  steel. 

2  Data  in  mV  versus  a  SCE  reference,  probe  connected  to  the  reinforcing  steel. 

3  Data  in  mA.  All  currents  represent  corrosion  of  the  probe. 

4  Data  from  test  points  1,  2,  9,  &  10  were  averaged  since  these  points  were  similar. 
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Appendix  F:  Contractor  Product  Data  Sheets 

Cut  Sheet  1 


Atj  micor 


PRODUCT  DATA 

MICOROX®  JOINT  FILLER 


MICOR  OX1™  Joint  filler  %I.F.)  is  a  two  component,  100%  solids  cpoxv  resin  based 
product  designed  to  fflf 'iioh-'rnoving  cracks  and  joints  in  concrete  surfaces.  MICOROX® 
“JJ."  is  a  semi  flexible  liquid  product  that  penetrates  cracks  and  provides  support  to  joint 
edges  m  traffic  aisles. 


AKfAS  OF  APPLICATION; 

•  Concrete  floors 

•  Secondan  containment  areas 

•  Warehouses 

•  Industrial  facilities 

•  Paper  Mills 

•  Food  Processing  Plants 

FEATURES: 

•  Economic 

•  I  to  I  Mix  Ratio 

•  Protects  joint  edges 

•  Low  temperatures  brittle  point 

•  Easy  to  place  and  trim 

PACKAGING: 

2  Gallon  Units 
20  Gallon  Units 


PHYSICAL/CHEMICAI. 

C  HARACTERISTICS: 

Viscosity:  3000  CPS  Mixed 

Vield:  23 1  cubic  inches  per  mixed 

gallon 

Color:  Grey,  other  colors  by  request 


woruag  uic-mixra 


Set  Time.  .  .  .  5  to  8  hours  at  70“ 

T  ensile  Strength.  .  500  pst 

Tensile  Elongation .  .  .  110% 

C  otnpressive  Strength  7600  psi 

Tensile  Bond  Strength  .  .  .  350  psi 


COVERAGE  PERGALIjON: 

25  Lineal  Feet  -  I"  wide  x  3/4”  deep 
38  Lineal  Feel  - 1/2”  wide  x  ln  deep 
77  Lineal  Feet  -  1/4"  wide  x  1”  deep 
MICOR  CO..  INC.  •  3238  NORTH  31"  ST. 


■STORAGE  AND  SHELF  LITE: 

Stored  at  room  temperature,  the  unopened 
maleriaisshould  have  a  shelf-life  of  one 

year*  Vi./ 


MILWAUKEE,  Wl  53218  PHONE  [414)  B73-2071 

1-8002  84-4308 
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SURFACE  PREPARATION; 

Cracks  and  voids  must  be  clean  and  free  of 
loose  material,  dust,  grease,  oil.  grout  or 
other  contaminants  Chip  or  rout  out  cracks 
that  are  hard  to  clean  Notch  or  V  cracks  for 
maximum  performance.  Seal  the  bottoms  of 
cracks  through  the  slab,  or  where  the  Joint  Filler 
will  leak  through,  with  a  polyurethane  rope 
Concrete  should  be  clean,  dry  and  rough  for 
best  performance 

Af  FUCATlpfi  INSTRUCHWS; 

Mix  MICOROX®  Joint  Filler  by 
combining  one  pan  of  hardener  component  with 
one  pan  of  resin  component.  A  measuring  cup.  or 
a  can  may  be  used  to  measure  the  components 

Mix  (he  two  components  together  thoroughly  for 
nvo  to  three  minutes  to  a  uniform  color  and 
consistency  Use  a  paddle  ot  low  speed  drill  • 
stirrer  to  mix  the  material 

To  apply  the  material,  a  plastic  squeeze  bottle 
i  like  a  ketchup  bottle  t  works  well.  Dispense  the 
liquid  Into  the  crack  until  penetranon  stops  and 
the  crack  ts  full.  To  fill  very  fine  cracks  pressure 
is  required  to  force  the  sealer  into  place.  A  grease 
gun  with  grease  finings  may  be  used  Pressure 
injection  devices  may  also  be  used,  Contact 
Mtcor  for  recommendations. 

The  MICOROX®  Joint  Filler  may  be  thickened 
for  application  on  vertical  cracks.  Mix  the 
materiel  as  described  above  and  add  the  diy 
thickening  agent  (sold  seperatejy)  to  obtain  the 
dcstred  consistancy  Apply  with  a  squeeze  bottle, 
spatula,  trowel  or  with  pressure  equipment. 


CLEAN  UP: 

Clean  tools  immediately  with  hot  soapy  water  or 
with  solvents  such  as  Xylene  or  MEK  These 
products  are  HAZARDOUS  and  must  be  used 
with  CAUTION  and  MUST  be  used  with 
appropriate  VENTILATION.  See  their  MS  D.S 
sheets  tor  appropriate  use 


WORKING  LIFE: 

Working  life  of  mixed  materials  is  very  short 
Mix  only  the  amount  of  material  that  can  be  used 
in  30  minutes 

frANPbING.PRECAUIIO.NJ: 

MICOROX®  Joint  Filler  is  intended  for 
industrial  and  commercial  use  only'  Prolonged 
contact  with  slon  can  cause  irritation  Wear 
protective  clothing  and  chemical  splash  goggles 
to  avoid  eye  contact.  NEVER  RECAP  A 
CONTAINER  OF  MIXED  COMPONENTS  as 
the  continuing  reaction  may  cause  an 
EXPLOSION.  READ  THE  M.S.D.S.  SHEET 
BEFORE  USINO 

COMPLIMENTARY  INFORMATION: 

Our  full  service  lab  and  technical  engineers  are 
available  to  assist  you.  For  complete  Information 
on  all  svstems,  contact  vour  local  Dealer  or  our 
factory  at  1-800-284-4308 

Micor  Company.  Inc.  believes  the  information 
cuntained  herein  to  be  true  and  accurate 
Information  comained  herein  Is  for  evaluauan 
purposes  only  Micor  makes  no  warranty,  express 
or  implied  based  upon  this  literature  and  assumes 
no  liability  or  responsibility  for  consequential  or 
incidental  damages  as  a  result  of  the  use  of  these 
products  and  systems  described  herein,  including 
any  warranty  of  merchantability  or  fitness 


MWSt 


THE  MATERIAL  IS  INTENDED  FOR  INDUSTRIAL 
USE  ONLY! 
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Cut  Sheet  2 


TO  ORDER  CALL  UNITED  STATES  1-866-CORRPRO  <  1-866-267-7776) 
CANADA  1-800-661-3390 
INTERNATIONAL  1-330-723-5082 
or  e-mail:  coirpro@corrpro.com 


ELGARD™  150  ANODE  RIBBON  MESH 


DESCRIPTION 


ELGARD™  Anode  Ribbon  Mesh  is  a  key  component  for  Cathodic  Protection  systems  in  reinforced  concrete  structures  It  is 
composed  of  a  precious  metal  osade  catalyst  sintered  to  an  expanded  titanium  mesh  substrate 


Anode  Perfonnaiu  e 


MATERIAL  SPECIFICATIONS 


Current  rating  at  1 1 0  mA/m2  ( 1 0  mA/ft2) . 

Expected  life  (NACE  Standard  TM02944-94)  ... 

Catalyst . 

Maximum  anode  concrete  interface  current  density 

FHWA  limit  . 

Short-teim  limit  . 


5.28  mA/m  (1  61  mA/ft) 
75  years 
Mixed  Metal  Oxide 

1 10  mAta2  (10  mA/ft2) 
220  mA/m2  (20  mA/ft2) 


Dimensions 


Width . . 

Coil  length . 

Actual  anode  surface  per  unit  length  of  anode 
Expanded  thickness 

Diamond  dimensions . 

Shipping  weight  per  coil . 

Substrate: 

Composition . 

Coefficient  of  thermal  expansion . 

Thermal  conductivity  at  20°C . 

Electoral  resistivity . 

Modulus  of  elasticity . 

Tensile  strength . 

Yield  strength  . 

Elongation . 


.  19  mm  (3/4”) 

. 76  m  (250  ft) 

.  0  048  m2/m  (0. 157  ft2®) 

1  ?0  mm  (0  051”) 
2.5  mm  x  4.6  mm  x  0.6  mm  (0,10"  x  0.18"  x  0.025") 
.  2.7  kg  (6  lbs) 


. Titanium,  Grade  1  per  ASTM  B265 

.  .  8.7  x  10‘-5/cK  (0. 000004 8/in/in/cK) 
15  6  W/m2-^  (9.0  BTU/hr/ft2/°F/ft) 
0.000056  ohm-cm  (0.000022  ohm-in) 

..  105  GPa  (14,900,000  PSI)  minimum 

.  245  MPa  (35,000  PSI)  minimum 

.  175  MPa  (25,000  PSI)  minimum 

. 24%  minimum 
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Cun  ent  Distnbufoi 


Width . 

Thickness . 

Coil  length . 

Shipping  weight  per  coil 


12.7  rnm  (1/2") 
0.9  mm  (0.035”) 
76  m  (250  ft) 
3  9  kg  (8.6  lbs) 


Flertiiral  Pioperhes: 


Anode  nbbon  mesh  resistance  lengthwise 
Current  distributor  resistance  lengthwise 


.  0,26  ohm/m  (0.08  ohm/ft) 
0  049  ohm/m  (0  015  ohm/ft) 


Actual  Size 


All  information,  recommendations  and  suggestions  sppearing  in  this  bulletin  concerning  the  use  of  our  products  are  based  upon  tests  arid  data  believed  to  be  reliable  However,  it  is  the  user's 
responsibility  to  determine  the  suitability  for  his  own  use  of  the  products  described  herein.  Since  the  actual  use  by  others  is  beyond  our  control,  no  guarantee,  e:pressed  or  implied,  is  made  by 
Conpro  Companies,  Inc.  as  to  the  effects  of  such  use  or  the  results  to  be  obtained,  nor  does  Conpro  Companies,  Inc  assume  ary  liability  arising  out  of  use  by  others  of  the  products  referred  to 
herein.  Nor  is  the  information  herein  to  be  ccnstrued  as  absolutely  complete  since  additional  information  may  be  necessary  or  desirable  when  particular  or  exceptional  conditions  or  circumstances 
exist  or  because  cf  applicable  laws  or  government  regulations.  Nothing  herein  contained  is  to  be  construed  as  permission  or  as  recommendation  to  infringe  ary  patent 


Conpro  Companies,  Inc.  is  the  world  wide  licensee  of  the  EL  CARD  System 
for  Cathodic  Protection  of  Reinforced  Concrete  Structures.  ELGARD  is  a  trademark  of  Eltech  Systems  Corporation. 
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Delivering  earvire 

XL P  USE-2 
RHH  or  RHW-2 
600  Volt,  Copper 

ICEA  &-95-£SWU&AA  WC-70 


Description: 


smya  cuppa  conatcror,  »nnutu,  reunci  win  IIUBUI  O  eiu 

teat  ncss^K.  dramally  croea-flrteed  sofyethtfena  toaitelton 
Temoetniura  rating  W*  C  to  ms  and  dry  «pc#atftar*.  Octets  evafl- 
■tfe. 


Application: 

T/pw  USE- 2,  HHK/RKW-S  ora  suits!**  ler  un  In  grans*]  ou-poeu 
**nrQ  apptcnicos  rand  may  ti*  toatated  m  raoouray,  coraftM,  dne 
lac  tul  onU  mill  licluruiui* 


6t» 

AWG 

or 

M CM 

Strand 

(no) 

Insutedon 

Ttedmsas 

(rote) 

Apprise 

Qlanrota* 

Overall 

(ln«*0 

Appnst  N* 
Wnipro 

pa  1000  tent  0b*0 

Aropa«*jr 

oirc 

WaVDry 

14 

7 

45 

169 

22 

361 

12 

7 

45 

.188 

30 

40t 

10 

7 

45 

-212 

45 

55t 

e 

7 

60 

-272 

73 

60 

6 

7 

60 

.310 

107 

106 

4 

7 

60 

366 

161 

140 

3 

7 

60 

.382 

193 

166 

2 

7 

60 

.419 

244 

190 

;  1 

18 

90 

.464 

307 

220 

1/0 

18 

80 

JM 

370 

260 

24) 

19 

80 

.567 

469 

300 

B/0 

18 

80 

.617 

682 

360 

4/0 

19 

80 

.873 

784 

405 

250 

3 1 

96 

.778 

873 

455 

300 

37 

95 

JIB 

1027 

505 

350 

37 

66 

.871 

1200 

570 

400 

37 

95 

.918 

1348 

615 

500 

37 

95 

1-011 

1683 

700 

600 

61 

110 

1.116 

2014 

780 

760 

61 

110 

1.228 

2506 

BBS 

a  810-17. 

71*  owotcuranl  protection  tor  fleim  mancod  «*fi  m-  obatafc  ft)  alial  nai  ratcaed  15  amps  tor  14  AWG.  20  amp*  tor  (2  AWO.  a 
30  amps  tor  10  AWG  prorWCC  810-17  toot  note 

MOTE;  Tha  <tete  shown  to  appradmate  arc)  autijad  Id  atenikid  Industry  fcdsrancae-  2006  , 


11 

www.aervlcewlre.com 

PToeoU.  A2  Ciifbden,  WV  Houston.  TX 

877-623-9473  B  00-024-3 572  fl  00-231 -0473 


Pt&OuiBh,  PA 
B00-77B-B473 


ERDC/CERL  TR-09-23 


F6 


Cut  Sheet  4 


ft  supcon  1  locate  rtatubulor  I  about  pendull  1  c 

M  f«|rf#  »*••’*  iu 

HOME  1  SOLUTIONS  |  RESOURCES  PRODUCTS 
Current  iHtinements  (dick  Si  to  remove) 

1 1-  Region  >  USA  Si  Product  t.ina  >  Heat  Shrink  A  Abrasion  Protection  >  I  >  Host  Shrink  > 

F  Thick  Wall  AdhMivs  Lin  ad  Polyolefin  and  End  Capa  for  Wat  locations  5  Product  Family  > 

Thick  Wail  Polyolefin  Heat  Shrink 

•  Shrink  ratio  of  3:1  nsuialea  a  wide  range  □*  diameters  ana  irregular  •  nape 5 
which  reduces  Inventory  costs 

•  Crux* -Armed  UV  resistant  malarial  improves  lame  retardancy  chemical,  and 
temperature  resistance 

•  Thick  wal  product  seels  end  insulates  in  one  step  to  speed  tnslabaton 

•  For  red  add  2  to  end  ol  part  number  package  suffh  (Example  HSTO  4-3-0?) 
tt  Meets  MM  Spec  AUS-OTl -23053/1 5  Class  1 


Pan  Number 

HSTO  4-48-5 

Product  Family. 

Thick  Wall  Polyolefin  Heal  Shrink 

Product  Line 

Accessories 

Product  Uw. 

Thick  Wall  Adhesive  Lined  Polyolefin  anc  End  Caps  •or  Wet  Location* 

RoHS  Compliancy  Status 

Compliant 

Pan  Deaafitxm 

Thick  Wall  Hast  Shrink  provides  o* cello  nt  protection  above  or  below  ground  i 
suitable  lor  wet  to  talons  and  deed  burial  (UL486D) 

Material 

Flame  retarded  polyolefin  cross-linked  wth  adhesive  tt 

Color 

Black 

CSA  Certified 

Yea 

MSkary  SpociTicatian 

AMS-OTL-23053/15  Class  1 

Ut  Recognzad 

Vac 

Length  On.) 

4100 

Length  immi 

12000 

Copper  Conductor  Size  Range 

#12-«8AWG 

Conductor  Size  Range  (mm) 

4—  t0 

nammabilrty  Rating 

name  Retardant 

Mas  Connector  0  D  (in  1 

350 

Mas  Connector  0  D  (mm) 

II 

Mas  Recovered  ID  (In), 

16 

Man  Recovered  I.D  (mm) 

38 

Min  Cable  0  D  (In.) 

170 

Min  Cable  O  D  (mm) 

43 

Min  Expanded  1  D  (In  ) 

40 

Min  Expanded  1  □,  imml 

101 

hup://^,vs'>v.panduii.a)m/8€archyproduct_details.a5p7Ne- 1  &rccNameeH$TO%2E4Vo2D48..  7/ 1 8/2006 


r *•1  TT-T," ' £ 

I  SERVICES  l  LEARNING 


SEARCH 


^Rmiduit 
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Nominal  R sendee  Wall  Tnlcknesa  (In  i  090 
Nomtnal  Recovered  Wall  Thtckness  (mm)  2.3 

Product  Ramify.  Ttadi  Wad  Polyolefin  Heel  Shrink 


Record  Type 

Products 

Shrink  Ratio 

*1 

Sid  PVy  UOM 

PK 

Temoeralure  Range 

-85*F  to  230*F  (-SyC  lo  1 10*C) 

UOM 

PC 

SW  Pkg  Qly 

5 

Mm  Order  Ofy.: 

5 

Pan  Number 

HST0  4-4S-5 

BOMQty  tit  of  Pkgs  ) 

1 

Add  to  Mr  Cats  loo 

Please  regale'  to  utilize  the  TWl  of  Materials'.  ‘Submit  Quotes'  and  'My  Catalog  features 

Vww  Content  Details 


Evaluate 

Design  a  Solution  Install  &  Main 

installation  instructions: 

(3  Truck  Wall  Heal  Shnr*  Ini 

legal  mtomiaiicn  privacy  policy  |  arte  map 

Copyright  0 1995-2006  PANOUrT  CORP  All  ngNt  reserved 

http://www  pnmluil.com/search/prCKlucl  details.asp?Ne=l  &recName=HST0%2E4%2D48._  7/1 8/2006 
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aegussa. 

Construction  Chemicals 


MASTERFLOW*  928 

-precision  mineral-BggregMe  yroul 
wlih  attended  workfng  lime 


PRODUCT  0AT4 


3 


03600 


Grown 


Description 

MasnsdioW*  3ZH  grout  tt  0 
hydraulic  cement-owed  mineral- 
aggregsia  pout  with  an  ostended 
•voikit  tj  titnt  It  is  ideally  suited  for 
grouting  machines  or  plates 
•equrtlng  praaamn  load-tearing 
'Lpport  ft  can  be  jiacefl  from  flual 
10  damp  pod  over  a  latqmuni 
range  o»  45 10  00’*  F  (7  to  32*  CL 
Mnimrflnw*  S2B  grout  mueOi  the 
■tum.  amen  taut  ASIMC  I  UR, 
Grades  B  and  C,  ond  the  Army  Carp 
of  Engineers'  CRD  C  621 .  Godei  B 
irid  C  at  a  fluid  consistency  over  a 
30-mii  nila  working  tirtm 


Vleld 

Ore  55  «b(25  ky|  bag  of  Masofflow* 
92B  grout  tmwil  with  approximately 
il)  5  lbs  14  JB  kgj  or  1 26  gallons 
|4  B IJ  of  waiut.  yields  approximately 
QiQ  ft'  10.014  m’l  of  grout 
Rib  wauii  requirement  may  wry  due 
lo  mixing  efficiency.  lamperature 
sod  other  variables 
Packaging 

55  lb  |25  kg|  nwto-wall  paper  bogs 
3.300  lb  (1  500  knl  bulk  begs 
Shall  Life 

1  r«a t  whan  properly  stored 
Storage 

Store  in  unopened  bags  m  clean, 
dry  conditions 


Features 

•  Extended  working  time 

•  Can  be  mixed  at  a  wide  range  gf  consistencies 

•  Fraue/thaw  resistant 

•  lifirdvn  free  of  bleediny.  MyregBUtMi. 
or  EBtUBment  shrinkage 

•  Coruoln;  high  dLufity.  well  yrucJod 
quarts  aggregate 

•  Sulfate  resismni 


Benefits 

tnarss  subloem  raw  for  placement 
Fnsura  proper  plscsmem  tmder  3  ver*«y 
of  conditions 

Suitable  for  exterior  nppieatkins 

Provides  •  maximum  effective  bearing  area  lor 

optimum  lead  trwator 

Pruvkta  optimum  strength  end  wortaWIry 

For  marine.  vwfiiEwatcr.  and  allWT  buIIsIl 
coma  rung  environments 


Where  to  Use 

tlUJCATlON 

•  •Mime  a  nonshrink  grout  is  required  fa 
ituuimum  otfecuvv  bearing  area  lor  opivnum 
load  transfer 

•  Mmni  high  one-way  and  Ister-age  compress/vo 
strengths  arc  required 

•  Ngmhrfak  grouting  of  madunery  und  equipment 
baseplates.  solertetes  precast  wall  panels, 
hantna.  columns:  curtain  walls,  concrete 
systems,  other  structural » id  nnnstnicurai 
building  members  anchor  bolts,  reinforcing  bare, 
and  dowel  reds 

•  Applxatians  requiring  a  pumpable  giaut 

•  Hopairmg  enneete,  including  grouting  voids  end 
rodt  pockets 

•  Marine  application!! 

•  Freexe/thsw  Bnvwonnxunts 

location 

•  'niEfiw  or  fxtenen 


How  lo  Apply 
Surface  Preparation 

1 .  Steel  surfaces  must  bt  bee  of  d’rt  »l.  grease, 
or  other  conteminenc 

2-  The  surface  to  be  grouted  must  be  clean,  5SD, 
ttiong.  and  roughened  to  a  CSP  of  5  -  9  following 
CRI  Guideline  03732  to  permit  proper  bond  for 
freshly  pieced  concrete,  consider  using  Liquid 
Surface  Etchant  (an  Form  No,  1020 150}  to  achieve 
the  required  sirfece  profile 
1  When  dynamic,  shear  or  tensile  forces  are 
anticipated,  concrete  surfaces  should  be  dapped 
with  a  "chisal-poait*  hammer,  to  a  roughness  of 
(plus  or  minus!  3/8*  (10  mm),  Verify  the  absence  ol 
bruiting  following  IOC  Guideline  00732 

4  Conaata  surfaces  should  ba  saturated  (ponded) 
with  daan  wnicn  for  24  hours  fust  before  grouting 

5  All  freestanding  water  must  be  removed  from 
the  foundation  and  bolt  holes  srnnediatah  befm 
grouting 

B.  Amiss  bolt  holes  must  te  greutad  and 
suffeientty  set  before  the  major  portion  of  toe  greut 
is  placed 

7.  State  the  iuuniialion  from  luteght  24  hours 
before  and  24  hours  after  greutmg 


HW.DegiXs^timQSYstems  coni  52 
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Product  Data  Shoot 
Edition  6  2003 
•denuflcalion  no  553 
I  I  limit  227 


SikaRepair®  223 

One  component,  early  strength  gaining, 
cementitious  patching  material 


Description 


Whore  to  Uea 


Advantages 


Cov^raga 


SJkaRepaJr  223  it  a  one-componeni,  early  alrsnglh  gaining,  camanlflioua,  patching  matertM  tor  verbcnl 
one  overhead  repair  of  concrete _ 

•  On  grade,  above,  and  baltav  grade  on  concrete  and  mortar. 

•  As  a  repair  malarial  tor  vertical  and  overheud  concrete  surface! 

•  Easy-to-use 

•  SurtaHs  for  wiener  and  interior  applications 

•  Easily  eppilod  to  dean,  sound  eubsirote 

•  High  early  strengths 

•  increased  abrasion  resistance. 

•  increased  freazs/thsw  rebalance. 

•  Hoi  a  vapor  benior 

•  Hot  Oammabte _ 

Approximately  0.41  eu.  ft 


Packaging  SlKsRee&r  223  -  50  b  mutu-  wall  bag  SlteLeiex  R  ■  1  gat  plastic  lug.  'i/canon.  5  gal.  paite 


T ypical  Dale  (Mat artml  and  curing  ccnottlona  Q  rj*F  (23'C)  and  50K  n.H.) 

Shalt  Ufa  One  yoar  in  original,  unopened  bags 

Storaga  Condltiona  Eltore  dry  at  40*-tMS*f  (4*-35*C),  Condition  malarial  to  65*-75*F 
before  using. 

Color  Concrete  gray 

Mining  Roto  3M  gal  to  1  gal  of  Squid  per  50  lb.  bag 

Application  Time  Approximately  16  man.  altar  adding  powdor  to  Laiox  or  Latex  R 

Application  Ume  Is  dependent  on  temperature  and  letaUva  humidify 

Finishing  Thne  20  to  90  min  alter  combating  powder  and  liquid;  depends  m 

temperature  relative  humicHy  and  t^pe  of  finish  desired 

■nth  undiluted  Lalae  R 

1,200  pai  (8.2  MPsl 


Flexural  Strength  (ASTM  C-293) 

28  days  66h  po  (5  0  MPa) 

Splitting  Tensile  Strength  (ASTM  C-488) 

28  deys  560  pat  (3  J  MPa) 

Bond  Strength  *  (ASTM  C-882  modified) 

28  days  1  800  pel  (12.4  MPs) 

Compressive  Strsngth  (ASTM  C-199) 

1  day  3.000  pel  (301  MPa) 

7  days  5.000  pel  (41.4  MPa) 

28  day*  7  000  pal  (48  3  MPa) 


700  pte  (4  J  MPs| 
2.000  pal  (118  MPa) 


3.300  pel  (22A  MPa) 
B.2O0  pel  (42JJ  MPa) 
7,500  pel  (51.7  MPa) 


How  to  Use 

Surface  Preperaltor  -  Remove  all  Oelenoratod  eonoeta,  (tel.  on.  greeae.  and  ail  trand-inhibitinfl 

malarial!  from  surface.  Be  sura  repair  area  la  not  teas  than  1/8  Inch  in  depth  Preparation 
wo*  should  be  done  by  scabbier  or  other  appropriate  mechanical  meant  lo  attain  an 
exposed  aggregate  surface  wih  a  minimum  surface  profile  of  tl/B  Inch  (CSP-6). 
Saturate  surface  with  dean  water  Subetrste  should  bo  salursleo  surface  dry  (SSD) 
with  no  standing  water  during  applcation. 


Printing 


For  prtmlnfl  of  ntnkdtkyg  steel  use  Ska  Anmatec  110  EpoCorr,  fconauli  Technical  Dote 
Sheef) 


Concrete  Subatrata:  Prime  the  prepared  substrata  with  •  brush  or  sprayed  applied 
coat  of  Siki  Armatec  1 10  EpoCetn  (ccnsuK  Technical  Data  Sheet).  Alternately  e  scrub 
cool  of  Site  Repter  223  can  be  applied  prior  to  placemen!  o*  the  morter  The  repair 
mortar  has  to  be  applied  into  Ihe  wsl  scrub  ooat  before  it  Ortes 
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Mixing 

V/ilh  water  *vw  Gown  a*  tools  and  minor  to  be  used.  Add  approximately  AM  gal.  of  water  to  mlnng 
vessel  Siowly  idd  1  beg  of  filfceRepair  223  white  continuing  to  nua  Mechenlcawi  mb  mth  •  Inw- 
ipaed  dffl  (400-000  rpm)  and  SfcaTop  Gel  peodte  1W  gel  of  water  may  he  artdati  to  achieve  desj^u 
BOnMalancy.  Do  not  ovbtwbik.  Maintain  a  mU  ternpemiure  of  B5*-75*F  far  ptriormpnoa  by 

using  hot  nr  odd  w>lw  n  needed 

With  Latex  R:  Rxx  1'4  gBllor  of  StaaLsiar  R  Inlo  the  mixing  container  StowSy  add  powoar  while 
oanitousg  *°  metewnlcaPy  as  abawi  Add  remelnlnQ  SwaLatex  R  fup  to  tM  gal  i  In  adjust  «h& 

rtaoir*d  consistency 

note:  SlkaLalo  R  must  be  protected  from  hea2*»g  if  Oman.  diaiarc 

With  diluted  Latex  R:  ilka  Lata*  H  msy  be  diluted  up  to  S  i  {wolerSAs  Lataa  H)  tor  projects  reculnrg 
nWTtfrcl  pofymor-moal1»caaon.  Foir  3M  gallon  of  to*  mixture  into  toe  mterg  oomataer  Slowly  add  powder 
and  mix  as  above  Add  remeJnlrg  aimed  SikeLelex  R  (up  to  1/4  gat  |  to  adjust  the  desired  curoiaiency 

Application  A  Fbihh 

At  the  8mo  u<  application,  ourfaore  should  bo  saturated  surfpoo  dry  (SSD)  with  rc  standing  water 
must  be  scrubbed  No  the  substrate  fliQng  at  pares  and  rods  Force  material  agates  edge  of  rep** 
wurtiaifl  toward  center.  AAer  fainp  repair,  consoklale.  »«r  screed  Metortet  may  be  applied  li  multiple  Bte 
h«  irldmeee  of  each  IW  net  to  be  la»  Bum  1/2  inch  mtolmum. 

Wfiera  mUhple  lifte  are  required  acorn  lop  amfaca  of  each  M  to  produce  a  rougtienad  atsfece  tor  next  Bt 
Allow  prooedng  ffl  to  raach  fine!  set.  30  nvnutae  minimum  batore  applytog  freeh  material  Salma  In  aurfeo 
J  Ihn  HO  siffi  dnen  <wiw  Scrub  fresh  mortar  Into  nracadriQ  BO  Allow  mortar  to  eel  to  beared  sldhaas. 
then  finish  with  wood  or  sponge  floet  for  ■  inxxjeh  smface.  or  texure  e-  raqutoad. 

Far  repairs  greets*  then  t  inch  In  doplh  the  me  c#  Sika Repair  222  astonded  wffii  coaree  eggragnte 
sne  epprophata  formwort  Is  also  recommended. 

Important:  Maximum  bond  is  achieved  with  sppticatior  of  a  aout>  coal  on  property  praoerod. 
•aiiireled  surfnea  dry  (SSO)  substrate 

Curing 

Ac  per  ACI  reconunendaboita  for  portlend  c«-menl  concrete,  cunng  Is  requited.  Motet  cure  wtth  wet 
tiurtep  and  pulyelhylenu,  •  Bn*  mid  of  water  or  •  walas  based  compaUbte  oirtry  campourMi  Curing 
compounds  sdverely  elfea  the  edhesran  of  followlno  ^  of  mortar,  leveling  mortar  or  protective 
scaling*.  Metal  curing  should  commerce  tomradately  sltei  finishing  amtac1  liosnfy  applted  mortar 

From  dimei  sunlighi.  wtoo.  rain  end  frost 

Limitation* 

•  Application  toleAneex.  (vteh  water  and  dluhed  Late*  R|  Mtoimisn  Ite  Inch  (6  mm).  Mesamurv  to  one 

IB  1,5  Ml  (31  mm) 

•  Application  UUcfcncsr  (wNh  undteded  tales  R)  Minimum  Mb  inter  (3  rmr)  Maximum  In  one  Wt  1.5 
inch  (35  mm) 

•  Minimum  amclant  and  surtaca  isiiipornuuKs  45*F  (7*C)  and  ilalig  ai  laria  ul  appllcatax* 

•  Ube  only  potable  watai 

■  Do  not  use  sofvrN-based  curing  cam  pound 

•  As  with  atf  oemeni  based  mated  air,  avoid  contact  with  aJurntnum  to  provant  adverse  chemcai 
reaction  and  posalbla  proouct  taiUre.  Insulate  potential  areas  at  contact  cry  coating  aluminum  oere 
roils  posts  etc.  wen  en  eppraprtale  epoxy  such  as  S&adur  Hi  Mud  32 

Caution 

Suspect  carcinogen  -  Contain*  portlend  corner*  end  sand  (crystalline  silica  i  Si  in  end  eye  irrttenL 

irritant 

Avoid  co"ta cl  Dun  may  cause  rospfratory  tract  imtnUcn.  Avoid  breaming  oust  Use  only  w»th 
adequate  vanllation  May  cause  delayed  lung  Injury  (ailicoscs)  IARC  lists  crystal  re  adca  as  having 
sufVcianl  evtoooce  of  cnrctoogonitely  In  laboratory  animate  and  knHed  evklenoe  of  carttoogancfty  Ir 
humans.  NIP  also  lists  crystalline  tecs  ea  «  suspect  carcinogen.  Use  of  eafety  goggles  and  teiemrcs' 
rasiatant  gtovas  is  recommended  If  P£Le  are  exceeded,  en  appropriate  MIOSH  epproved  resplrala/ 

Is  teQuIivd  Remove  contaminated  dolfitog. 

First  Aid 

In  case  of  skin  canted,  wash  thoroughly  with  soap  end  water  For  eye  earned,  flush  «nmodrale*v 
win.  plenty  of  water  for  ai  least  15  minutes,  and  contact  a  physician  For  iMouatory  problems, 
remove  person  to  fresh  air. 

ClMRlip 

in  case  of  spltege.  scoop  or  vacuum  into  appropriate  container,  and  dispose  of  to  accordance  with 
cum  ant.  applicants  local  stale  and  Moral  regutefeans  Keep  cxxXatoor  Ughtfy  dated  end  m  an  iqinghi 
Lcsiton  In  prevent  spillape  and  leaLsge  Mixed  components:  Uno.red  material  can  be  removed 
wtth  water.  Cured  material  can  only  be  removed  mechanically. 

A- 


KEFF*  CONTAINER  TMJHTIV  CLOSED 
WOT  FOR  MTERHAL  CONSUMPTION 

CONSULT  MATEHML  SAFETY  DATA  SHEFT 


KELP  UU1  Of  REACH  OP  CWLOREW 
FOR  IN  OUR  I  RIAL  USE  ONl> 
rOH  MORE  «iFOPMATTO* 


5r*s  ovtviu  Sim  prcduot  for  on*  y*a<  Prom  dll 
lacM:ai  proporilM  on  Bui  cuwtt  lacnmcal  mi*  Mni I  IT  vM  M  air*a*e  ■WNn  HI*  u**r  dW*nnlnM  cvitpbHf?  o' 
ptoiHk*  hr  in.urowi  v»«  and  mbuitw  Ml  rain  Buysrs  ran  ran*Oy  moll  la  awtsd  t*  m*  puicHam  bum  «  •aaracam*  <1 
«T  p»*duul  **du»l«*  of  •  Mini  cm  com  of  labor 

MO  OTHER  W  ARRANTIES  EXPRESS  OR  IMPLCO  SHALL  APW_r  including  ANY  (WARRANTY  OP  MERCMANTAawJT* 
OR  FITNESS  FOR  A  PARTICULAR  PURPOSE  SIKA  SHALL  MOT  BE  LIABLE  UNDER  ARY  LEGAl  TVCOR  T  FOR 
SyEC.Al  OR  CONSEQUENTIAL  DAMAGES 


«HI*nr.»l  toloraiailan  and  Baiaa  C*nura  Fa  *w  haOMan «.» |C>a  Umihi  5»  »  «Mi  «Rk» 

■IhaMaalcanaBJldaCV 

■in  PoBln  AxanN*  SOI  Dainiai  Avanaia 

L  vrxthursL  NJ  0707 1  PoinlaCtom 

FHdmb.  A.TI.BJS-7ASV  OUMMCHIIR4AS 

«*» -aD14Q3422S  PKora  614-6BF-2SV) 

FBCS144BMTU 


CaiTVlaa  LCMe  Calaya  Km  AS 
UxiMdon  OusnWwi 

CP  Amo  AH  IX 


a  dp*  NM  m  JL* 
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COPPER  BONDED  GROUND  RODS 


Copper  Bonded  Ground  Rods 


Galvan's  copper  bonded  rods  have 
a  heavy,  uniform  coating  of  copper 
metallurgically  bonded  to  a  rigid 
steel  core. 

UL  Listed  rods  have  iomil  minimum 
copper  plating.  UL/RUS  models 
have  i3inils  of  copper. 

Galvan  manufactures  copper-dad 
rods  under  patent  6,527,934 


Catalog 

Number 

Nominal 

Diameter 

X  Lenqth 

Sub  & 
Master 
Bundle 

Wt. 

per 

100 

NA 

UPC 

632 

3754 

3/8"  x  4' 

10/100 

132 

613 

3755 

3/8"  x  5' 

10/100 

165 

613 

3756 

3/8"  x  6' 

10/100 

200 

613 

5005 

1/2"  x  5' 

5/100 

305 

611 

5006 

1/2"  x  6' 

5/100 

370 

611 

5008 

1/2"  x  8' 

5/100 

500 

611 

5008L* 

1/2"  x  8' 

5/100 

545 

611 

5010 

1/2"  x  10' 

5/100 

611 

611 

5010L* 

1/2"  x  10' 

5/100 

690 

611 

6254 

5/8"  x  4' 

5/100 

340 

6255 

5/8"  x  5' 

5/100 

424 

615 

6256 

5/8"  x  6' 

5/100 

508 

615 

6258* 

5/8"  x  8' 

5/100 

680 

615 

6258G13** 

5/8"  x  8' 

5/100 

700 

612 

6260* 

5/8"  x  10' 

5/100 

847 

615 

6260G13** 

5/8"  x  10' 

5/100 

860 

612 

7508* 

3/4"  x  8' 

5/50 

992 

615 

7510* 

3/4"  x  10' 

5/50 

1240 

613 

1010* 

1"x10' 

25 

2248 

614 

Notes: 

'These  rods  are  UL  Listed 

"These  rods  meet  the  requirements  of  UL  G  RUS  (13  mils  mimimum  of  copper). 

Rods  with  less  than  10  mils  of  copper,  do  not  meet  UL  requirements,  nor  the  N 
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ERICO 

CADWELD®  PLUS  ONE  SHOT 


cnouiEur 


The  CADWELD®  PLUS  ONE  SHOT  produces  e  pemanent  exothermic 
connection  to  a  ground  rod  that  will  not  loosen,  corrode  or  Increase  in 
resistance  for  the  life  of  the  installation.  The  convenient  single-use 
package  makes  the  connection  to  the  ground  rod  without  a  mold  or 
starting  material  Thanks  to  the  electronic  CADWELD  PLUS  Control  Unit, 
welds  can  now  be  completed  up  to  6  feet  (1.8  meters)  away,  Increasing 
flexibility  In  hard-to-reach  areas.  The  new  refractory  ceramic  body  utilized 
with  the  CADWELD  PLUS  ONE  SHOT  system  Is  more  durable  than 
conventional  ceramic  and  resists  breaking. 


Features 

•  Easy-to-use  electronic  Ignition.  No  starting  matenal. 

•  Durable  disposable  ceramic  body  eliminates  the  graphite  mold  and  frame. 

•  Produces  a  permanent  connection  that  will  not  looser  or  corrode. 

•  Fits  both  threaded  and  unthreaded  copper-bonded  and  full  size  steel  and  stainless  steel  ground 
rods. 

•  NEC®  compliant 

•  cULus®  listed. 

Applications 

The  CADWELD  PLUS  ONE  SHOT  Is  Ideal  for  making  permanent  reliable  connections  to  ground  rods  lor 
electrical  transmission  and  distribution,  telecommunications  and  cable  television  applications 


More  Information 

CADWELD  PIUS  ONE  SHOT  pan  numbers  for  type  GR  (one  conductor  to  ground  rod)  and  type  GT  (two 
conductors  to  ground  rod)  connections: 


GROUND 

ROD 

CONCENTRIC 

CONDUCTOR 

METRIC 

CONDUCTOR 

CADWELD  PLUS  ONE  SHOT  PART 
NUMBER 

SOL 

STR 

SQUARE 

MILLIMETER 

TYPE  GR 

TYPE  GT 

1/2" 

6,8 

8 

8-10 

GR1141GPLUS 

GT1141GPLUS 

(12.7mm) 

3.4 

4,  6 

14-22 

GR11411PLUS 

GT1141LPLUS 

1,2 

2,3 

30-38 

GR1141VPLUS 

GT1141VPLUS 

5/8" 

6,B 

8 

8-  10 

GR1161GPLUS 

GT1161GPUJS 

(14- 

3,  A 

A,  6 

14-22 

GR1161LPLUS 

GTU61LPLUS 

16mm) 

1,2 

2,3 

30-38 

GR1161VPLUS 

GT1161VPLUS 

2/0,  1/0 

1/0,  1 

50-60 

GR1162CPLUS 

GT1162CPLUS 

2/0 

70 

GR1167GPLUS 

GT1162GPLUS 

4/0 

GR1162QPLUS 

3/4" 

6,  B 

a 

B  - 10 

GR11B1GPLUS 

GT1I81GPLUS 

http://www.erico.com/prodiiclPrinUisp?pro<iuctiil- 1 652 
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(17- 

3,4 

4,6 

14-22 

GR1 18 1LPLUS 

GT1181LPUIS 

19mm) 

1,2 

2,  3 

30-38 

GR1181VPLJUS 

GT1181VPLUS 

2/0,  1/0 

1/0,  1 

50-60 

GR11B2CPLUS 

Gni82CPLUS 

2/0 

70 

GR1182GPLUS 

GT1I826PLUS 

4/0 

GR1182QPUJS 

- 

CADWELD  PIUS  ONE  SHOT  part  numbers  for  type  NT  (three  oonductors  to  ground  rod)  and  type  NX 
(four  conductors  to  ground  rod)  connections: 


GROUND 

CONCENTRIC 

CONDUCTOR 

METRIC 

CONDUCTOR 

CADWELD  PLUS  ONE  SNOT  PART 
NUMBER 

ROD 

SOL 

STR 

SQUARE 

MILLIMETER 

TYPE  NT 

TYPE  NX 

1/2" 

6,8 

8 

8-10 

NT1141GPU1S 

NXl  141GPLUS 

(12.7mm) 

3,4 

4,  6 

14-22 

NT1141LPLUS 

NX1141LPLUS 

1.2 

2,3 

30-38 

NTU41VPUJS 

5/8" 

6,8 

8 

8-10 

tmi61GPLUS 

NXU61GPLUS 

(14- 

3,4 

4,6 

14-22 

NT1161LPLUS 

NX1161LPLUS 

16mm) 

1,2 

2/0,  1/0 

2,3 

1/0, 1 

2/0 

4/0 

30-38 

50-60 

70 

NT1161VPU1S 

NX1161VPLUS 

3/4’ 

6,8 

8 

8  -  10 

NT1 1816PLUS 

NX1181GPLUS 

(17- 

3,4 

4,  6 

14-22 

NT1181LPLUS 

NX1181LPLUS 

19mm) 

1,2 

2/0,  1/0 

2,3 

1/0, 1 

2/0 

4/0 

30-38 

50-60 

70 

NT1181VPU1S 

NX1181VPLUS 

The  CADWELD  PUIS  Control  Unit,  which  Is  required  to  Initiate  the  reaction,  Is  Dittoed  separately. 


PLUSCU 


Copyright  2005  ER1CO  International  Corporation. 
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CATH-TECH 


CA  THODIC  PROTECTION  MANAGEMENT  SYSTEM 
Systeme  de  gestion  de  protection  cathodique 

AjUjA-I  ijtalj 


FEATURES 


.  1  to  2S5  individually  controlled 
constant  voltage/constant 
current  or  autopotential  circuits 

.  1  mA  to  15  amps/clrcult  on 
board  Higher  current 
capability  available 

.  Fully  programmable 
Remote  monitoring  bullt-ln 
Full  remote  control 


1  a  255  circuits  'ihdlvMuels'  pour 
controle  a  courant  constant  tension 
constant  ou  potentlel  constant 

Circuit  de  1  mA  a  15  A.  Possiblllte 
de  capaclte  plus  Importante 

Complement  programmable 

Controle  a  distance  Incorpore 

Completement  controlable  a 
distance 


ouljl  '  •>  J!  v  y  .*»«.> 
v'  .MjU  .  — ';V  J1 

jt  jy  I '  •  Jl  y1  y  1  y  * 

_iw>  j*  i*ui  Jl*j  ~r/-' 

_*■  p&fcJ*  »-A.  «lrut  * 
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Technical  Specifications 


Specifications  Techniques 


<Ljih  oU+b'  >11 


Power 

1 20-24 OV  50/60  Hi  AC 
*47  4 SO  600  Volta  AC 
on  special  order 


Aliment&ion 

120  240  V  CA.  50/60  Hz 
347.480.600  V  C  A 

sib  demand* 


;4imi 

v»u*  It/,  if  IV  * 


Logic 

•  CMOS  technology 

-  Microprocessor  controlled 
12  bit  data  conversion 

•  3.5"  floppy  drive  for 
data  storage 

Control 

-  Switch  mode  technology 

-  Fully  programmable,  locally 
or  remotely 

-  Constant  current,  constant 
voltage  or  auto  potential 
control 

-  Records  instant  OFF  potential 
of  references 

Recorded  readings  are  date 
and  time  stamped 

-  No  special  software  required 

Options 

Hayes  compatible  modem 
1200/2400/9600  baud 
12BK  to  2MB  on  board 
static  RAM 


Circuit  logique 

-  Technology  CMOS 
Control*  par  mtcroprocesseur 

-  Conversion  de  don  nee  12  bits 

-  Lecteur  de  disquette  3.5” 

Controls 

-  Mode  impulsion 

-  Pleinement  programmable 
sur  site  ou  a  distance 
Control*  courant  constant, 
tension  constonle  ou 
auto  potentiel 

-  Enregistreroent  des  potentieis 
“Instant  OFF’  des  references 

-  EmegtstTemenl  des  donnees 
avec  dale  et  heure 

-  Pas  de  programme  special 
requu 

Options 

Modem  compatible  Hayes 
1200/2400/9600  baud 

-  Memoire  adriftionnelle  de 
128  K  -  2  Mbytes 


CMOS  ^ * 
^1  * i**' 9  * 

— jU  1 T  u —  — u  JU1>  jj  *>■  * 
I  * 

in  1  pkj  u> * 

|l  j^Lf  J&——> 

Xu  ^  dfc-  , 

>  _J  fl  •  * 


it  r  t  ^-r* - - 

t  L* 
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STRATA-TECH,  INC 

ST-524 

POLY-FOAM  INJECTION  RESIN 


INTRODUCTION 

Simla  (hen*  ST-524  Poly-Foam  Is  b  hydrophobic  two 
rximponenl,  flexible  polyurethane  resin  baser!  on  MDI  In 
combination  with  high-value  polyelher  polyols.  ST-524 
Poly-Foam  reacts  with  water  and  sets  «nto  a  flexible 
clnseo-cell  foam  ST-524  Is  mixed  with  ST-525  at  the  work 
site  to  form  b  single  Injection  metenal  whose  reaction  time 
b  governed  by  tho  conocntrobon  of  ST  626  in  the  blend. 

The  ST-524/525  mix  reacting  with  water  forms  an  inert 
barrier  which  is  essentially  unaffected  by  aods,  gasses, 
and  microorganisms  usually  found  in  soil  or  the  teak  area. 
A  minimum  of  reaction  water  is  needed  but  larger  amounts 
can  be  accommodated  through  displacement 

ST-524  is  useful  Tor  a  wide  range  of  water  control 
applications,  including  formation  of  grout  curtains, 
stabilization  of  water-hearing  soils,  and  sealing  of  cracks 
and  joints  in  concrete,  buildings,  dams,  and  utility  vaults. 

ST-524  has  NSF  61  approval  for  potable  water  contact 
and  carries  the  Underwriters  Laboratories  UL  seal. 

ST-524  is  injected  directly  from  (he  can  into  the  leak  using 
either  a  single  or  a  plural  component  high  pressure  pump. 
When  20  parts  of  ST-524  react  with  one  part  of  water,  the 
resulting  mixture  expands  and  quickly  Bis  the  leak  path 
with  on  elastic  seal  that  slope  water  entry  but  allows  crack 
movement  to  protect  againsl  stress  transfer.  Concrete 
repaired  with  ST-524  wiH  usually  not  crack  again 

Stainless  stBel  fittings  are  recommended  but  not  strictly 
required  because  the  ST-524/525  blend  is  only  mildly 
corrosivo.  Cleanup  of  solidified  material  In  the  system, 
however.  Is  often  accomplished  with  caustic  cleaning 
compounds,  making  stainless  steel  advisable. 

The  low  viscosity  ST- 524  mixture  is  easily  Injected.  Once 
cured.  Its  impermeability  makes  II  an  effective  water  shut¬ 
off  system.  The  permeability  of  soil  grouted  with  ST-524 
depends  on  now  well  its  voids  are  filled  with  grout  Values 
in  the  10-5  cm/sec  range  should  be  obtained  using  ASTM 
Constant  Head  Permeability  Test  Method  D-2434. 


REACTION 

A  two  stage  reaction  takes  place  when  ST-524  comes  in 
contact  with  water  The  mint  ore  first  expands  end  quickly 
thickens  Then,  os  It  cures,  ST-524  solidifies  into  a  strong 
impermeable  water  barrier  In  |ueI  mlnuies  Unrestrained 
ST-524  foam  expands  up  to  ten  times  its  starting  volume 
However,  a  dense  material  is  preferred  for  most 
applications  Greater  density  is  obtained  by  controlling 
grout  placed  relative  to  void  space  and  static  head 
pressure 

The  two  stage  reaction  takes  place  continuously  during 
Injection  as  product  exits  the  packer.  Initial  penetration  ts 
facilitated  by  the  low  viscosity  o 1  the  mixture,  After  reaction 
begins,  the  expansive  mixture  pressure  induces  some 
further  penetration  of  the  grout  zone  depending  on  the 
amount  of  static  head  pressure  ST-524  creates  a  seal 
which  is  Impervious  to  water  yat  is  abto  to  tolerate  freozo- 
thaw,  wet-dry  cycling,  extrusion,  and  compression. 


CURE 

The  reaction  and  set  time  of  ST-524  resin  is  s  function  of 
both  temperature  and  the  concentration  of  ST-525  in  the 
blend.  The  following  table  shows  the  effect  of  ST-525  at 
different  weight  percentages  at  a  temperature  of  20C. 


3T-025 
WT  % 

CREAM  TIME 
(SECONDS) 

TACK  FREE 
(MINUTES) 

1.0 

100 

25.0 

2.0 

70 

14.0 

3.0 

*0 

7.0 

6.0 

35 

3.2 

10.0 

29 

3.0 

2601  104lli  Street  Dos  Moines,  Iowa  90322  phone  515/251.7770  fax  515/251  7705 
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PHYSICAL  CONSTANTS 

'he  primary  physical  constants  lor  the  ST-524  system  are 
*hmvn  In  the  table  which  follows 


Appearance 
Specific  Grav 
viscosity 
Flash  Point 


ST-524 


Pale  Yellow 
1  08  20  C 
500  cps  25  C 
>385  C 


ST-525 


Grayish  Liquid 
0.995  st  20  C 
25  cps  at  25  C 
130  C 


the  low  viscosity  of  (lie  ST-524  Resin  blend  allows  good 
penetration  into  cavities  and  crecke  After  curing,  water 
pressure  will  not  aflecl  tl»  ST-524  resin  seal  at  heads 
usually  encountered  In  crack  Injection  repair  work  It  has 
no  preset  *pot  Ufa*  and  does  not  cure  as  long  as  water  or 
moisture  vapor  are  no!  available  to  start  the  cure  cyde 

TENSILE  AND  ELONGATION 


For  heavy  cleaning.  push  out  ST-590  with  51-522  Vert 
Klean  Grout  Cleaner  and  follow  tha  Instructions  for  ns  use 
Do  not  allow  ST-590  or  ST-522  to  remain  In  the  system  for 
long  periods.  Properly  dispose  of  used  defining  materials 
Bnd  do  not  muse  if  contaminated  or  resin-loaded  See  the 
pump  manuals  and  the  Technical  Data  Sheet  for  ST-622 
and  ST-590  for  more  Information 

ENVIRONMENTAL 

ST-524  is  essentially  non-toxic  in  its  cured  form,  with  an 
LD50  (ret)  In  excess  of  5000  mg/kg  Freezing  either  the 
cured  or  uncured  material  is  not  harmful  to  the  product  and 
may  prolong  the  shelf  life  of  the  uncured  resin  in  an 
unopened  container.  At  temperatures  below  5  C 
crystallization  may  occur  but  rs  reversible  without  damage 
to  the  material  by  Indirectly  warming  and  gently  mixing  the 
product. 

StretathsnB  ST-524  contains  r»o  measurable  amount  of  TDI 
3£  performed  by  the  Modified  Analysis  for  Dftsocyanates 
ST-524  is  non-flammable,  non-cardnogenic.  and  non- 
conoaive  as  defined  by  40  CFR  and  as  described  in  the 
NIOSH  Pocket  Guide  for  Hazardous  Materials 


Test  samples  were  prepared  by  putting  the  reading  mixture 
intc  b  plastic  pressure  mold  Bnd  capping  the  opening,  This 
procedure  (per  ASTM  0-638)  resulted  In  a  doead-ceK  foam 
with  a  density  of  about  30  pounds  per  cubic  foot  ss 
compared  io  e  free  rise  density  of  about  6  pounds  per  cubic 
foot.  Measured  tensile  strength  was  about  6  p6l  at  67% 
elongation  Tha  samples  subsequently  showed  no  water 
absorption  aher  4  hour  Immersion.  Flammability  tests  of 
the  same  samples  showed  that  combustion  self- 
extinguished  when  the  flame  source  was  removed 

To  prevent  condensation  from  forming  on  the  liquid  or  m 
Itie  can,  the  temperature  of  the  ST-524  should  be  adjusted 
to  match  the  ambient  temperature  of  the  wotk  area 
Protect  uncured  resin  during  application  from  exposure  to 
water,  moisture  vapor,  and  direct  sunlight. 


CLEANUP 

Cleanup  of  ST-524  is  accomplished  with  s  solvent  or  with 
a  solvent  and  a  cleaner  used  In  sequence  The  preferred 
solvent  Is  ST-590  Kleen-Purge  and  the  recommended 
cleaner  is  ST-622  Veri-Kleen  Grout  Cleaner.  Use  ST-590 
for  the  liquid  resin  and  ST-522  for  solidified  resin 


Back  to  ST-524  Urethane  Grout 


STATEMENT 


Strata  Tsch  tmlievm  met  Via  information  heroin  Is  an  accurate  daacflptton 
of  lln  general  properties  a>Ki  cfwadartslte*  ol  tie  praductye),  but  I  he 
user  m  rwpoostMi  for  obtaining  currant  Info-motion  because  the  body  of 
fthoeAedge  on  thaw  subjects  is  constantly  enlarged  tntnrmaoor  heron 
a  eutijea  to  change  without  notice  Rekl  condAfons  also  vary  widely,  to 
uaara  must  undertake  sufficient  vanScefem  and  testing  at  tie  product  o 
process  herein  to  determine  performance.  safety  usefulness  e-vi 
suiacatv  tor  their  own  particular  use 

Strata  Tech  warranto  only  that  the  product  will  meet  Strata  Tech  s  then 
oerant  epecfflcetwn  NO  WARRANT*  OF  SUITABILITY  OR  FTTNESS 
FOR  A  PARTICULAR  PURPOSE  IS  MADE,  liwn  shoUfo  not  assur* 
Vial  ell  safety  requirements  tor  their  pedicular  application!  a)  have  bowi 
indicated  herein  end  Vtal  c* her  or  additional  actions  and  precautions  arm 
not  necessary  Users  ere  responsible  tor  always  rsiuSrig  araf 
-•nflors  landing  f  «  Me  tonal  Safety  Deta  Sheet,  the  product  technical 
Uaralm,  a  no  the  product  tEfoei  oetore  using  any  piodurt  v  pocas 
mentioned  herein  and  tor  following  the  inebuctione  contained  thereto. 


Gopvt\X*  C  1890  try  films  TSch  tnc  A*  egnti  reserved  Mo  pen  (X  this  publmecri 
rosy  be  reprobate  or  dtuamtnsied  P  etry  te"i,  by  e«y  weere  a  tiered  W  etty 
-vKir  uWc  Hit -nil  stttiout  pro  erinon  permMcr  tarn  Been  Tech  mtmU  cm  siloeeu 
under  the  US  Copyright  Act  IB/t  Printed  In  USA  «EV«86*1t 


3601  104th  Street  Des  Moines.  Iowa  50322  phone  515/251,7770  Fax  515/251  7705 
w»  site  www  slrata-Uch.com  email  Infog-etrata-tech.ccm 
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Appendix  G:  As-Built  Drawings 
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Not  to  Scale 


Figure  G-3.  As-Built  Floor  Plan  Drawing  for  P02004 
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LEGEND 

A  =  Anode  Connection 
C  =  Cathode  Connection 
R=  Rebar  Connection 
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Not  to  Scale 


Figure  G-5.  As-Built  Floor  Plan  Drawing  for  P02005 
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C  =  Cathode  Connection 
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Not  to  Scale 


Figure  G-7.  As-Built  Floor  Plan  Drawing  for  P02006 
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LEGEND 

A  =  Anode  Connection 
C  =  Cathode  Connection 
R=  Rebar  Connection 

- Anode 

-  Saw  Slot  for  Wire 

-  Floor  Perimeter 


Not  to  Scale 


Figure  G-9.  As-Built  Floor  Plan  Drawing  for  P02007 
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LEGEND 

A  =  Anode  Connection 
C  =  Cathode  Connection 
R=  Rebar  Connection 

- Anode 

-  Saw  Slot  for  Wire 
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Not  to  Scale 


Figure  G-ll.  As-Built  Floor  Plan  Drawing  for  P02008 
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LEGEND 
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R=  Rebar  Connection 

- Anode 

-  Saw  Slot  for  Wire 
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Not  to  Scale 


Figure  G-13.  As-Built  Floor  Plan  Drawing  for  P02009 
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Not  to  Scale 


Figure  G-15.  As-Built  Floor  Plan  Drawing  for  P02010 
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Figure  G-17.  As-Built  Floor  Plan  Drawing  for  P02011 
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Figure  G-19.  As-Built  Floor  Plan  Drawing  for  P02012 
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Figure  G-21.  As-Built  Floor  Plan  Drawing  for  P02013 


ERDC/CERL  TR-09-23 


G22 


ERDC/CERL  TR-09-23 


HI 


Appendix  H:  Draft  Unified  Facilities  Guide 
Specifications  for  Electro-Osmotic  Pulse 
Implementation  in  Earth-Covered  Magazines 


ERDC/CERL  TR-09-23 


H2 


GUIDE  SPECIFICATION  FOR 


ELECTRO  OSMOTIC  PULSE  TECHNOLOGY  TO  CONTROL  WATER  SEEPAGE  INTO 

CONCRETE  STRUCTURES 
(July  2004  Draft) 


PART  1  GENERAL 

1.1  REFERENCES 

The  publications  listed  below  form  a  part  of  this  specification  to  the  extent  referenced.  The 
publications  are  referred  lo  in  the  text  bv  basic  designation  only. 


NATIONAL  ELECTRICAL  MANUFACTURERS  ASSOCIATION  (NEMA) 

NEMA  TC  2  (1990)  Electrical  Polyvinyl  Chloride  (PVC)  Tubing  (EPT)  and  Conduit 

(EPC-40  and  EPC-80) 

NATIONAL  FIRE  PROTECT  ION  ASSOCIATION  (NFPA) 

NFPA  70  (1996)  National  Electrical  Code 

UNDERWRITERS  LABORATORIES  (UL) 

UL  6  (1993)  Rigid  Metal  Conduit 

AMERICAN  SOCIETY  FOR  TESTING  AND  MATERIALS  (ASTM) 

ASTM  D  1 248  (1984;  1989)  Polyethylene  Plastics  Molding  and  Extrusion  Materials 

1.2  SUBMITTALS 

Government  approval  is  required  for  submittals  with  a  "G"  designation;  submittals  not 
having  a  "G"  designation  are  for  information  only.  When  used,  a  designation  following  the 
"G"  designation  identifies  the  office  that  will  review  the  submittal  for  the  Government.  The 
following  shall  be  submitted  in  accordance  with  SECTION  01330  SUBMITTAL 
PROCEDURES: 

SD-01  Preconstruction  Submittals 
QA'QC  Plan:  G,  [ _ ] 
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A  quality  assurance  plan  for  installation  of  the  HOP  system  to  include  personnel  safety 
issues,  installer  certification,  application  and  inspection  of  the  EOP  system,  location  and 
placement  of  splices,  grout  curing  provisions,  means  to  assure  dry  interior  surfaces, 
quality  assurance  sampling  and  cleanup.  Indicate  the  testing  that  will  be  performed  and 
identify  the  party  or  parties  responsible  for  this  testing. 


SD-02 


Provide  drawings  that  document  the  as-built  installation  of  the  system.  Include  system 
layout  and  wiring  diagrams. 

SD-03  Product  Data 

Materials 

Manufacturer's  product  data  sheets  indicating  physical,  mechanical,  and  chemical 
characteristics  of  all  materials  used  in  the  EOP  system. 

Delivery  Inspections 

Material  Safely  Data  Sheets  (MSDS)  for  all  materials  to  be  used  at  the  job  site  in 
accordance  with  OSHA  and  29  CFR  1910.1200. 

SD-06  l  est  Reports 

Field  Test  Data 
Pre-installation  photographs 
Post-installation  photographs 

SD-07  Certificates 

Contractor  Qualifications;  G,  [ _ ] 

A  list  of  a  minimum  of  five  (5)  completed  F.OP  projects  performed  by  the  contractor  in 
the  last  4  years  for  the  U.  S.  Government.  Include  summaries  for  each  of  the  related 
projects.  Include  for  each  project:  project  title,  the  U.  S.  Government  agency  for  which 
the  work  was  performed,  a  short  description  of  the  work  and  supporting  documentation 
including  names  and  telephone  numbers  of  persons  who  have  knowledge  of  the 
completed  project. 

Personnel:  Submit  a  roster  of  technical  and  support  personnel  who  would  be  available 
for  assignment  to  the  work.  These  rosters  shall  include  the  names,  positions  and 
qualifications  of  all  potential  participants. 


SD-OS  Manufacturer’s  Instructions 
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EOP  System;  G,  [ _ | 

Submit  one  copy  of  the  user's  guide  and  operating  manual  for  the  EOP  control  unit  t  o  be 
installed. 

SD-10  Operation  and  Maintenance  Data 
EOP  maintenance;  G,  [  | 

Provide  written  procedures  to  properly  maintain  Ihe  installed  EOP  system  as  well  as 
written  manufacturer  recommended  repair  procedures  for  damage  to  the  in-place  EOP 
system. 


1.3  GENERAL  REQUIREMENTS 

A  complete,  operating  electro-osmotic  water  seepage  protection  system  in  accordance  with 
applicable  federal,  stale  and  local  regulations,  NFPA  70  (National  Electrical  Code),  and  the 
requirements  of  this  contract  shall  be  provided.  The  project  shall  include  pre-installation 
inspection  of  the  site,  development  of  site  specific  plans  and  specifications,  installation  of  the 
EOP  system,  and  adjustment  and  testing  of  the  protection  system.  Buy  American  Act 
provisions  must  be  followed  as  well  as  conforming  to  applicable  standards  (e.g.  ASTM. 
NEPA.  and  UL)  and  regulations. 

I  4  QUALIFICATIONS 

Provide  all  professional  staff,  support  staff,  and  specialists  necessary  to  plan,  supervise  and 
perform  the  required  work.  Provide  adequate  professional  supervision  to  assure  the  accuracy, 
quality  and  completeness  of  all  work  required.  Additionally,  provide  a  person  who  is  qualified 
and  competent  as  defined  in  Section  01  of  Engineering  Manual  (EM  )  385-1-1  for  all  job  sites. 
The  U.S.  Army  Corps  of  Engineers  Safety  and  Health  Requirements  Manual,  EM  385- 1- 1 
may  be  aeeessed  at :  http:  www  .lici  usace. army. mil  . sob  lumsace  soli  him. 

TECHNICIAN 

Ibis  position  requires  a  minimum  of  3  years  experience  in  control  of  w  ater  intrusion  in  below- 
grade  structures.  The  technician  is  directly  responsible  for  the  installation  of  the  system  and 
will  be  instrumental  in  services  such  as  cutting  and  drilling,  cable  assembly,  electrode  wiring, 
epoxy  and  grout  placement,  etc. 

INSTALLER 

Ibis  is  an  entry  level  position  that  requires  a  minimum  of  one  (1)  year  experience  in  assisting 
technicians  and  engineers.  Performs  tasks  which  require  mainly  physical  abilities  and  effort 
involving  a  limited  amount  of  specialized  skill  or  prior  experience.  Works  directly  with  the 
technician  and  assists  in  the  installation  of  the  system. 


3 


ERDC/CERL  TR-09-23 


H5 


1.5  WORK  SITE  SAFETY 

Workers  having  access  to  the  work  area  shall  be  informed  of  the  contents  of  the  applicable 
material  safety  data  sheets  (MSDS)  and  of  potential  health  and  safety  hazards  associated  with 
it's  application  as  well  as  protective  controls  associated  with  materials  used  on  the  project. 
Personnel  having  a  need  to  use  hearing  protection,  respirators  and  masks  shall  he  instructed  in 
the  use  and  maintenance  of  such  equipment. 

1.6  PREINSTALLATION  CONFERENCE 

Participate  in  a  meeting  between  the  Contracting  Officer,  Contractor,  the  Contracting  Officer’s 
Representative  and  other  interestedc  parties  to  discuss  the  project  requirements.  Review  and 
discuss  all  aspects  of  the  project  including  Specifications,  environmental  control,  surface 
preparation.  EOP  system  application,  quality  assurance,  schedule  requirements,  and  safety. 
Request  clarification  of  any  ambiguities,  and  advise  the  Contracting  Officer  and  the 
Contracting  Officer’s  Representative  of  any  potential  conflicts  and/or  any  technical 
requirements  that  appear  improper  or  inappropriate. 

1.7  PROJECT/SITE  CONDITIONS 

Conduct  site  assessment  and  structure  testing  to  determine  the  feasibility  of  EOP  installation. 
This  assessment  shall  include  the  following: 

(1)  The  conductivity  of  the  structural  material  and  the  backfill  material  including  soil 
and/or  water  conductivity.  Tins  testing  shall  be  done  by  using  either  a  standard  4-probe 
conductivitv/resitivity  tester;  a  2-probe  method  that  utilizes  the  EOP  Control  Unit  as  the 
power  source;  or  a  2-probe  method  that  uses  a  '‘Protimctcr”,  or  similar  instrument,  to 
measure  the  relative  moisture  content.  When  the  EOP  Power  Supply  is  used  as  the  power 
source,  one  (1)  anode  and  cathode  are  temporarily  installed  and  connected  to  the  unit. 

The  power  supply  voltage  and  current  are  then  used  to  determine  the  conductivity. 

(2)  Document  the  site  using  a  variety  of  methods,  including  but  not  limited  to, 
photographs,  physical  measurements,  drawings,  and  verbal  descriptions  of  the  site  and 
relevant  features  and  information. 

1.10  WARRANTY 

Provide  a  standard  warranty  that  may  be  used  at  the  option  of  the  Government.  Linder  the 
terms  and  conditions  of  the  warranty,  the  EOP  Water  Control  System  and  its  components  shall 
be  warranted  against  defects  for  a  period  of  a  minimum  of  two  years  after  the  installation  is 
complete.  Any  problems  w  ith  the  EOP  System  shall  be  corrected  at  no  expense  to  the 
government  or  building  occupants  during  this  period. 
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PART  2  PRODUC  TS 

2.1  ANODES 

2.1.1  Ceramic  Anodes 

Tlie  anode  (positive  electrode)  consists  of  electro-catalytic  coatings  applied  by  thermal 
decomposition  to  specially  prepared  titanium  substrates.  The  electro-catalytic  coatings  are 
formulated  primarily  of  platinum  group  metals  and  appropriate  binders.  Hie  coatings  are 
applied  by  spraying  or  dip  coating  aqueous  salts  of  the  metals  onto  an  acid  etch-cleaned 
titanium  substrate  and  heating  to  several  hundred  degrees  Celsius.  Multiple  layers  of  coating 
may  be  applied  by  this  process  to  provide  the  desired  final  coating  thickness.  The  resulting 
mixed  metal  oxide  coating  shall  be: 

Highly  conductive  (10-3  £2-cm  to  10-6  £2-ein  resistivity). 

Crystalline  (anhydrous). 

Corrosion  and  acid  resistant. 

Very'  hard  (hardness  of  60). 

Highly  abrasion  resistant. 

The  nickel  metal  oxide  (ceramic)  coated  titanium  or  niobium  wire  anode  material  is  available 
in  a  variety  of  configurations  for  optimization  of  specific  current  density  and  current 
distribution  requirements.  It  is  a  ccramic-mctal  multi-layer  composite  that  is  ductile,  rugged, 
and  easy  to  use.  It  consists  of  an  ultra  thin  layer  of  an  iridium-tantalum-titanium,  mixed  metal 
oxide  ceramic  deposited  onto  either  a  solid  titanium  core  (STI  version),  a  copper  cored 
titanium  interface  (CTC)  or  a  copper  cored  niobium-titanium  interface  (CNC  version).  The 
latter  lias  a  niobium  interface  for  other  applications  requiring  the  added  high  voltage  capacity 
of  niobium  with  respect  to  breakdown  voltage  characteristics  that  are  not  of  concern  in  these 
applications. 

The  nickel  metal  oxide  anode  coating  is  exceptionally  durable  in  combination  with  the  ductile 
commercially  pure  titanium  substrate.  It  has  been  tested  at  current  densities  over  2000  amperes 
per  square  foot  of  anodic  current  discharge.  It  is  fabricated  primarily  from  precious  metal  and 
refractory  metal  oxides  in  sufficient  quantities  and  ratios  to  provide  a  defined  life  expectancy. 

2.2  CATHODES 

Cathodes  (negative  electrodes)  are  copper  clad  steel  rods  which  meet  the  minimum 
requirements  for  grounding  of  electrical  systems  per  NFPA  70.  The  cathode  nonnally  receives 
electric  current  from  positive  ceramic  coated  titanium  wire  electrodes.  This  action  nonnally 
provides  corrosion  mitigation  for  the  negative  electrode  and  therefore  common  metal  materials 
can  be  used  for  this  purpose.  A  commonly  used  electrode  is  the  common  copper  clad  steel 
electrical  ground  rod.  typically  5/8-in.  diameter  by  6-ft  long  (minimum),  which  can  be  driven 
through  a  purposely  made  hole  in  eitherlhe  structure  wall  or  slab  into  the  surrounding  earth. 

2.3  EOP  CONTROL  UNIT 
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2.3.1  Control  Unit 

The  EOP  control  unit  supplies  a  dc  voltage  with  alternating  polarity  to  the  anodes  and  the 
cathodes.  Control  units  shall  have  a  programmable  output  pulse  pattern.  The  dc  power 
delivered  by  the  unit  shall  be  within  manufacturers  specifications  and  shall  meet  the  system 
designer's  specifications. 

The  unit  uses  a  standard  120  Volt  ae  power  source.  .An  external  ac  power  switch  must  be 
provided  and  appropriately  labeled.  The  labeling  for  this  switch  must  clearly  identify  which 
position  is  off,  The  control  unit  can  be  either  hard-wired  or  plugged  into  a  120  Volt  outlet.  If 
metal,  the  outlet  box  is  required  to  be  grounded. 

All  electrical  connections  must  be  enclosed,  either  within  the  control  unit  itself  or  within  a 
separate  enclosure. 

2. 1.3. 2  Circuit  Protection 

Overeurrent  protection  of  the  ac  input  shall  be  fully  contained  within  the  unit  itself.  The  output 
of  each  unit  shall  have  short  circuit  protection. 

2.3.3  Wiring 

AC  supply  wiring  shall  be  installed  in  accordance  with  NFP  A  70. 

2.3.4  Wiring  Diagram 

A  complete  electrical  connection  diagram  show  ing  both  the  ac  and  the  dc  connections  to  the 
power  supply  shall  be  posted  on  the  inside  cover  of  the  unit  or  its  enclosure. 

2.3.5  Control  Unit  Panel  Cover 

The  control  panel  of  the  EOP  control  unit  shall  have  a  lockable  cover  which  will  also  allow 
viewing  of  the  panel  display.  If  a  cover  is  not  available  on  the  unit  itself  then  a  separate 
enclosure  to  house  the  entire  unit  shall  be  provided.  The  enclosure  shall  have  a  lockable 
hinged  door  which  will  permit  viewing  of  the  control  panel  display  when  closed.  The 
enclosure  shall  not  interfere  with  the  cooling  requirements  of  the  unit.  Holes,  conduit 
knockouts,  or  threaded  hubs  of  sufficient  size  and  number  shall  be  conveniently  located  in  the 
enclosure. 

2.4  ELECTRODE  WIRING 

All  interior  and  exterior  w  iring  shall  be  enclosed  in  either  conduit,  raceways  or  tubing  and 
shall  be  installed  in  accordance  with  NFPA  70.  Conduit  shall  be  securely  fastened  at  2.4  m  (8 
foot)  intervals  or  less.  Splices  shall  be  made  inside  outlet  fittings  only.  Conductors  shall  he 
color  coded  and  labeled  for  easy  identification. 
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Anode  supply  wires  shall  have  insulation  UI,  rated  for  at  least  600  Volts.  Wires  from  the 
power  supply  to  the  anode  junction  boxes  shall  be  at  least  12  AWG  and  have  red  insulation. 
No  more  than  20  amps  should  be  handled  by  the  12  AWG  wire.  The  wire  front  the  junction 
box  to  the  anode  string  shall  be  at  least  14  AWG  and  have  blue  insulation.  Wire  enclosures, 
including  raceways,  conduits,  and  junction  boxes,  within  the  anode  system  shall  be 
noninetallic.  The  wire  from  the  junction  box  to  the  anode  shall  be  connected  to  the  anode 
with  an  in-line  crimp  type  splice  connector.  The  connector  shall  be  protected  with  thermal 
heat  shrink  insulated  tubing  containing  a  sealant  to  provide  an  air  tight  seal  for  the  connection. 
The  wires  in  the  junction  boxes  shall  have  markers  designating  the  circuit  letter  and  anode 
number  permanently  attached  to  facilitate  testing  and  repair. 

Wires  from  the  power  supply  to  the  cathodes  shall  be  at  least  1 0  AWG  with  type  RHH  or 
RHW  insulation.  Wires  shall  be  connected  to  the  cathodes  using  exothermic  welds:  brazing, 
“Cadweld’’,  or  Bumdy  “Thermo-Weld’’  or  approved  equal.  Use  of  these  materials  shall  be  in 
accordance  with  the  manufacturer's  recommendations.  The  w  elded  area  shall  be  suitably 
protected  so  that  only  the  ground  rod  and  insulated  wire  is  exposed.  Buried  cathode  wires 
shall  be  encased  in  rigid  nonmetallic  conduit  suitable  for  burial.  Wiring  used  for  the  cathodes 
shall  have  black  colored  insulation. 

All  exposed  wiring  and  conduits  shall  be  clearly  marked  as  an  EOP  System.  Label  spacing  is 
up  to  the  judgment  of  the  installer,  but  at  least  one  label  per  room.  All  labeling  shall  be  in 
English. 


2.5  CONDUIT 

Rigid  galvanized  steel  conduit  and  accessories  shall  confomi  to  UL  6.  Nonmetallic  conduit 
shall  conform  to  NEMA  1C  2. 
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PART  3  EXEC  UTION 

3.1  SYSTEM  INSTALLATION 

3.1.1  Repair  of  Cracks  or  Voids 

Any  cracks  or  voids  where  obvious  water  penetration  is  occurring  shall  be  repaired.  This  is 
done  with  either  mortar,  foams  or  epoxies  depending  upon  conditions.  All  materials  will  be 
compatible  with  the  EOP  system. 

3.1.2  Concrete  and  Soil  Conductivity 

A  test  of  the  concrete  and  soil  conductivity  is  done  to  verify  both  the  amount  and  location  of 
the  anodes  and  cathodes.  This  testing  is  done  by'  using  a  temporary  power  source  to  an  EOP 
Control  I  hit.  One  anode  and  cathode  arc  hooked  up  to  the  unit  and  used  fortesting 
conductivity. 

3.1.3  .Anodes 

Anodes  shall  be  located  no  closer  than  5  cin  (2  inches)  to  any  rebar  embedded  in  the  structure, 
t  he  electrical  connection  between  the  anode  lead  wire  and  the  anode  feed  wire  shall  be  sealed 
and  shall  extend  to  the  insulated  portion  of  the  feed  wire 

3. 1.3.2  Ceramic  anodes 

Grooves  are  chipped  or  cut  into  the  floor  at  the  floor-wall  juncture  using  a  pattern  which  is 
determined  from  conductivity  testing,  the  groove  depth  shall  allow  for  sufficient  filler 
material  to  protect  the  wire  from  external  damage.  After  all  wiring  is  placed  in  the  grooves,  a 
mortar  compatible  with  the  EOP  system  is  used  to  fill  the  grooves.  The  grooves  are  filled 
with  mortar  and  finished. 

3.1.4  Cathodes 

Cathodes  are  installed  adjacent  to  the  structure.  They  may  be  installed  tlirough  the  structure 
walls  or  tlirough  the  floor.  Installation  is  accomplished  by  drilling  a  hole  through  the 
structure,  inserting  the  cathode  into  the  hole,  and  then  driving  it  into  the  exterior  soil.  For 
optimum  system  operation,  electrical  isolation  must  be  maintained  between  the  structure 
material  and  the  cathode.  The  lead  and  supply  wires  will  be  protected  by  enclosing  them  in  a 
plastic  raceway  or  flexible  nonmetallic  conduit. 

3.1.5  EOP  Control  Unit 

The  EOP  Control  Unit  is  mounted  in  an  area  that  is  suitable  to  both  the  user  and  the  installer. 
Wiring  is  run  from  the  unit  to  both  the  anodes  and  cathodes.  This  wire  may  he  mounted  using 
any  of  the  following  methods:  surface  mount  with  plastic  w'ire  mold:  conduit  and  junction 
boxes;  or  by  embedding  within  the  w  all  and  encasing  w  ith  mortar,  which  results  in  a  flush  to 
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surface  condition.  After  the  unit  is  turned  on,  it  is  adjusted  and  calibrated.  The  system  is  now 
operational. 

3.2  OPERATION 

The  following  tasks  shall  he  evaluated  and  reported: 

3.2.1  EOP  Control  Unit  Output  Voltage 

The  EOP  Control  Unit  output  voltage  shall  be  monitored.  The  normal  operating  output 
voltage  is  ±  30  VDC.  The  output  voltage  shall  never  exceed  ±  50  VDC.  Due  to  the  fact  that 
every  installation  will  be  different,  and  load  current  is  dependent  on  the  number  of  anodes,  or 
the  total  length  of  wire,  and  the  moisture  content  of  the  structural  material,  only  qualitative 
performance  criteria  can  be  given.  When  the  moisture  level  reaches  its  nominal  EOP 
operating  level,  the  load  current  w  ill  become  nearly  constant. 

3.2.2  EOP  Control  Unit  Output  Current 

The  EOP  Control  Unit  output  current  shall  be  monitored.  Due  to  the  fact  that  every 
installation  will  be  different,  and  load  current  is  dependent  on  the  number  of  anodes,  or  the 
total  length  of  wire,  and  the  moisture  content  of  the  structural  material,  only  qualitative 
performance  criteria  can  be  given.  At  start  up,  current  shall  be  greater  for  high  moisture 
conditions  than  for  low  moisture  conditions.  A  properly  operating  system  shall  show  a 
significant  drop  in  current  during  the  first  few  months  of  operation  as  the  moisture  is  slowly 
driven  out  of  the  structure  material.  When  the  moisture  level  reaches  its  nominal  EOP 
operating  level,  the  load  current  will  become  nearly  constant. 

3.2.3  EOP  Current  Density 

The  EOP  Current  density  shall  be  evaluated  and  reported  as  milliamps  per  linear  foot  of  anode 
installed  in  the  loop.  At  start-up  this  value  should  not  exceed  6.5  mALF.  If  the  current  is 
greater,  selected  cathodes  should  be  taken  offline. 

3.2.4  EOP  Current  Waveform 

The  EOP  dc  current  wave  form  pattern  shall  correspond  to  Figure  [ _ ]. 
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3.2.5  Relative  Humidity  Monitoring 

Record  substrate  moisture  readings  at  sev  eral  locations  along  the  structure  perimeter  before, 
during,  and  after  FOP  installation.  These  readings  should  be  taken  at  the  same  locations  at 
various  time  intervals  to  check  for  trends. 

3.3  FINISH 

Where  installation  of  the  F.OP  system  has  damaged  wall  or  floor  finishes,  restore  the  damaged 
surfaces  to  the  same  appearance  that  was  before  the  commencement  of  work. 

3.4  DOCUMENTATION 

3.4.1  Moisture 

Document  the  amount  of  water  seepage  existing  in  the  affected  areas,  prior  to  installation  of 
FOP  systems.  The  visual  documentation  shall  consist  of  still  photographs  or  video.  The 
surface  moisture  content  of  the  structure  material  and  the  relative  humidity  of  the  interior 
space  shall  be  documented  prior  to  installation  of  the  FOP  system. 

3.4.2  Mold  and  Other  Biological  Growth 

Document  the  presence  and  location  of  mold  or  other  biological  growth  in  the  work  area.  The 
visual  documentation  shall  consist  of  still  photographs  or  video.  Obtain  samples  of  mold  for 
analysis. 

3.4.3  Operating  Parameters 

Document  operating  parameters  of  FOP  system  at  time  of  FOP  system  commissioning.  This 
documentation  shall  include  ac  voltage  and  current  (power  input),  dc  voltage  and  cuirent,  and 
waveform  analysis. 

3.4.5  User's  Guide 
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Provide  a  user’s  guide  and  operating  manual  for  the  EOP  control  unit  shall  be  provided. 
Drawings  of  the  design  and  drawings  that  document  the  as-built  installation  of  the  system 
shall  be  included. 

3.5  CLEANUP 

Store  all  materials  in  a  place  and  manner  which  protects  them  from  damage  or  contamination. 
Regularly  inspect  all  materials  to  identify  damage  or  deteriorating  items,  flic  Government 
will  not  be  liable  for  the  security  of  any  equipment  or  materials  left  on  site, 

Provide  protection  to  all  Government  and  occupant’s  property.  The  Contractor  shall  he 
responsible  and  liahle  for  all  damages  to  the  Government  or  other  property  due  to  any 
negligence  on  the  part  of  himself  or  his  workers  in  the  orderly  prosecution  and  sequence  of  his 
work,  fake  appropriate  steps  to  safeguard  the  contents  of  the  facilities  while  the  Contractor 
and  or  any  of  the  employees  are  working.  Contractor  personnel  are  not  permitted  to  use  any 
Government  supplies  or  equipment  unless  specific  authorization  is  obtained  from  the 
Contracting  Officer  or  his  'her  representative. 

After  each  work  day  and  upon  completion  of  all  work,  clean  the  area  of  all  dirt  and  debris 
generated  as  a  result  of  this  operation  and  dispose  of  in  accordance  with  installation  policy 
and  Federal.  State  and  Local  regulations. 
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FOREWORD 

The  Unified  Facilities  Criteria  (UFC)  system  is  prescribed  by  MIL-STD  3007  and  provides 
planning,  design,  construction,  sustainment,  restoration,  and  modernization  criteria,  and  applies  to  the 
Military  Departments,  the  Defense  Agencies,  and  the  DoD  Field  Activities  in  accordance  with 
USD(AT&L)  Memorandum  dated  29  May  2002.  UFC  will  be  used  for  all  DoD  projects  and  work 
for  other  customers  where  appropriate.  All  construction  outside  of  the  United  States  is  also 
governed  by  Status  offerees  Agreements  (SOFA).  Host  Nation  Funded  Construction 
Agreements  (HNFA),  and  in  some  instances,  Bilateral  Infrastructure  Agreements  (BIA.) 
Therefore,  the  acquisition  team  must  ensure  compliance  with  the  more  stringent  of  the  UFC,  the 
SOFA,  the  HNFA,  and  the  BIA,  as  applicable, 

UFC  are  living  documents  and  will  be  periodically  reviewed,  updated,  and  made  available  to 
users  as  part  of  the  Services’  responsibility  for  providing  technical  criteria  for  military 
construction.  Headquarters,  U  S.  Army  Corps  of  Engineers  (HQUSACE),  Naval  Facilities 
Engineering  Command  (NAVFAC),  and  Air  Force  Civil  Engineer  Support  Agency  (AFCESA)  are 
responsible  for  administration  of  the  UFC  system.  Defense  agencies  should  contact  the 
preparing  service  for  document  interpretation  and  improvements.  Technical  content  of  UFC  is 
the  responsibility  of  the  cognizant  DoD  working  group.  Recommended  changes  with  supporting 
rationale  should  be  sent  to  the  respective  service  proponent  office  by  the  following  electronic 
form:  Criteria  Change  Request  (CCR).  The  form  is  also  accessible  from  the  Internet  sites  listed 
below 

UFC  are  effective  upon  issuance  and  are  distributed  only  in  electronic  media  from  the  following 
source: 


•  Whole  Building  Design  Guide  web  site  http://dodwbdg.oro/. 

Hard  copies  of  UFC  printed  from  electronic  media  should  be  checked  against  the  current  electronic 
version  prior  to  use  to  ensure  that  they  are  current. 

AUTHORIZED  BY 


DONALD  L  BASHAM,  P  E 
Chief,  Engineering  and  Construction 
U  S  Army  Corps  of  Engineers 


DR.  JAMES  W  WRIGHT,  P.E 
Chief  Engineer 

Naval  Facilities  Engineering  Command 


KATHLEEN  I  FERGUSON,  P.E. 
The  Deputy  Civil  Engineer 
DCS/lnstallations  &  Logistics 
Department  of  the  Air  Force 


Dr.  GET  W  MOY.P  E 
Director,  Installations  Requirements  and 
Management 

Office  of  the  Deputy  Under  Secretary  of  Defense 
(Installations  and  Environment) 
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INTRODUCTION 

1-1  PURPOSE  AND  SCOPE  These  instructions  provide  guidance  for  the  design 
of  electro-osmotic  pulse  systems  to  control  water  seepage  in  at  and/or  below  grade 
concrete  structures.  The  guidance  in  these  instructions  is  primarily  to  provide  sufficient 
information  for  general  purposes.  Most  projects,  however,  include  some  aspects  that 
are  very  site-specific  or  some  conditions  that  are  not  common  Designers  are 
encouraged  to  obtain  assistance  when  unusual  or  unfamiliar  situations  are  encountered 
Additionally,  the  design  and  application  of  EOP  systems  is  principally  for  existing 
construction.  Designing  an  EOP  system  requires  measuring  and  establishing  values 
that  can  only  be  made  on  existing  construction  and  can  not  be  predetermined  The 
Appendix  E  to  these  instructions  contains  the  electrical  design  for  Electro-Osmotic 
Pulse  systems. 

1  -2  APPLICABILITY  These  instructions  apply  to  all  HQUSACE/OCE  elements 
and  all  Major  Subordinate  Commands  (MSC)  and  District  Commands  (DC)  having  Army 
military  design  and  construction  responsibility. 

1  -3  REFERENCES.  Appendix  A  contains  a  list  of  references  used  in  this  UFC. 

1  -4  OVERVIEW  OF  ELECTOR  OSMOTIC  PULSE  DESIGN.  Below-ground 
concrete  structures  such  as  basements,  tunnels,  and  elevator  shafts  are  prone  to 
sustain  structural  damage  from  chronic  water  seepage  through  walls  and  floors.  The 
application  of  EOP  technology  provides  a  very  sustainable,  reliable,  low  cost  method  for 
preventing  or  correcting  water  seepage  over  the  application  of  traditional  sealants, 
membranes  or  costly  excavation  to  place  drainage  tiles  around  the  facility  exterior. 
Electro -Osmotic  Pulse  (EOP)  technology  represents  the  preferred  alternative  for 
eliminating  or  preventing  water  seepage  The  system  consists  of  a  positive  (+)  side 
electrode  (Anode)  and  a  negative  (-)  side  electrode  (Cathode)  (Figure  1-1).  The 
positive  electrode  is  grouted/mortared  directly  into  the  concrete  walls,  floors  or  slabs. 
The  negative  side  electrode  is  placed  in  the  surrounding  soil  or  water.  A  pulsing  DC 
voltage  is  applied  between  the  electrodes  to  produce  an  electric  field  in  the  walls,  which 
moves  water  from  the  dry  side  of  the  walls  toward  the  wet  side,  against  the  hydraulic 
gradient. 


When  properly  installed,  this  technology 


•  Dries  up  existing  concrete  structures  at  and/or  below  grade 

•  Prevents  water  seepage  into  structures  at  and/or  below  grade. 

•  Prevents  efflorescence,  mineral  deposits  and  chalking. 

•  Lowers  interior  relative  humidity. 
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•  Reduces  corrosion  of  the  concrete  reinforcing  bar  and  on  interior  mechanical 
systems  located  in  the  facility. 


•  Eliminates  harmful  bacteria. 


This  method  of  water  proofing  below  grade  construction  and  at  grade  concrete  slabs 
and  floors  offers  a  significant  advantage  over  conventional  methods  in  renovation 
applications  to  stop  water  intrusion  in  that  all  the  work  is  done  from  inside  the  structure. 
Procedures  for  installing  the  EOP  system  are  contained  in  TM  5-620,  Facilities 
Engineering  Maintenance  and  Repair  of  Architectural  and  Structural  Elements  of 
Buildings  and  Structures. 

Figure  1-1.  Electro-Osmotic  Pulse  Waveform  and  Movement  of  Water  through 

Concrete. 
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CHAPTER  2 

ELECTRO-OSMOTIC  PULSE  SYSTEM  DESIGN 
2-1  DESIGN  REQUIREMENTS 

The  Electro-Osmotic  Pulse  System  designer  must  satisfy  the  following  for  each  project 

a.  Fully  indicate  or  follow  the  Scope  of  Work  in  the  contract  documents. 

b.  Comply  with  applicable  codes,  regulations  and  laws, 
c  Provide  a  design  within  funding  limits. 

d.  Provide  a  design  within  Scope  of  Work  limits 

e.  Provide  a  design  that  satisfies  the  functional  requirements  of  the  project 

f.  Provide  complete,  accurate,  and  coordinated  construction/procurement 
documentation  for  the  Project. 

g.  Provide  a  design  that  is  in  accordance  with  sustainable  design  principles. 

2-1  1  Designer  Qualifications 

Design  and  review  must  be  accomplished  by,  or  in  consultation  with,  professional 
electrical  designers  with  significant  design  experience  in  Electro  Osmotic  Pulse. 
Qualification  of  designers  is  based  on  education,  experience  and  examination  Electrical 
designers  will  have  completed  a  recognized  program  of  academic  training  in  design; 
and/or  will  have  attained  registration  or  licensure  as  required  by  the  locality  or  district 
where  the  project  work  occurs.  The  Government  reserves  the  right  to  approve  or 
disapprove  the  qualifications  of  the  designer  selected  by  an  A/E  or  a  Contractor. 

2-1.2  Design  Considerations 

The  design  of  an  EOP  system  requires  a  number  of  factors  and  conditions  to  be 
determined  or  assumed  for  consideration  when  determining  the  system  layout  and 
performance  for  the  structure  which  the  system  is  being  designed.  The  collection  of  data 
through  surveys  and  engineering  drawings  is  necessary  at  the  beginning  of  the  project 
to  establish  all  considerations  that  must  be  taken  into  the  development  of  the  design  on 
an  EOP  system 

2-1 .2.1  Development  of  Design  Criteria  and  Considerations  for  Electro-Osmotic 

Pulse  Systems.  Electro-Osmotic  Pulse  Systems  are  for  existing  construction  and  the 
development  of  the  design  requires  accomplishing  all  of  the  falling  actions  to  establish 
the  criteria  and  data  that  must  be  considered  in  the  design. 


2-1 .2.1  1  Data  Collection.  To  establish  design  parameters,  it  is  necessary  to  make 
certain  assumptions  that  may  affect  data  collection,  how  that  data  is  used,  or  the  weight 
of  the  data's  impact  on  the  design.  It  should  be  assumed  the  exterior  waterproofing 
system  has  failed  However,  it  will  be  necessary  to  determine  what  the  failure 
mechanism  was  during  the  data  collection  When  developing  the  design  it  should  be 
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assumed  that  steel  reinforcement  (rebar)  is  continuous  and  that  structural  drawings  are 
fairly  accurate. 

2-1 .2.1 .1 .1  Collect  Historical  Information  from  Occupants  in  the  Area.  This  data  can 
indicate  the  severity  of  water  intrusion  problems  Data  on  failures  and  failure  rates  of 
nearby  structures  can  be  valuable  and  should  also  be  considered. 

2-1 .2.1 .1 .2  Collect  Drawings  and  Other  Information  Drawings  of  the  structure  to  be 
treated  and  the  area  where  the  system  will  be  installed  are  needed  to  provide  the 
physical  dimensions  of  the  structure  for  determining  surface  area  to  be  treated,  and  the 
amount  and  location  of  any  reinforcing  steel  and/or  any  other  embedment(s)  In  the 
concrete.  Structural  design  and  construction  characteristics  such  as  the  presence  of 
expansion  joints  and  control  joints,  honeycombing,  membranes,  coatings  (both 
architectural  and  moisture  barrier  types),  and  sealers  are  also  important  in  designing  the 
EOP  system.  The  design  mix  of  the  concrete,  including  the  use  of  accelerators,  must 
also  be  included, 

2-1 .2.1 .2  Site  Survey  and  Tests.  It  is  necessary  to  accomplish  an  initial  survey  of  the 
wall  and  floor  areas  where  EOP  is  to  be  installed.  This  is  necessary  to  identify  sources 
of  moisture  and  to  identify  location  of  steel  reinforcing.  Where  ever  mold  or  mildew 
growth  is  identified,  the  source  of  moisture  should  be  determined.  In  the  event  the 
source  is  from  spills,  ceiling  leaks,  plumbing  leaks,  etc.  these  must  be  corrected  prior  to 
installation  of  EOP  EOP  will  not  resolve  those  sources  of  moisture  intrusion  The 
checklist  located  at  Appendix  B  is  to  be  used  for  survey  data  collection  and  moisture 
level  recording 

Moisture  levels  in  the  existing  concrete  must  be  measured  (Appendix  D,  “Moisture  Level 
Measurement").  Table  2-1  is  used  for  making  this  estimate  after  moisture  level 
measurements  are  complete  The  moisture  content  of  the  concrete  is  used  to  determine 
current  density  requirement  estimates  to  achieve  effective  dewatering 

2-1 .2.1 .3  Life  Span.  Generally,  the  design  of  the  EOP  System  will  be  based  on  a  25- 
year  life  span 

2-1 .2.1 .4  Impact  of  Coatings.  Any  previously  applied  coatings  installed  on  the  exterior 
surface  of  the  concrete  such  as  waterproofing  must  also  be  evaluated  These  coatings, 
if  non-permeable,  will  prevent  or  reduce  effectiveness  of  an  EOP  system.  It  must  be 
determined  that  any  coating  that  exits  is  breathable. 

2-1  3  Design  of  Electro-Osmotic  Plus  System. 

The  design  of  the  Electro-Osmotic  Pulse  System  for  the  intended  structure  will  use  the 
following  calculations  and  system  elements  combined  with  the  previous  considerations 
to  develop  the  final  design 
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2-1 .3.1  Calculate  Current.  The  current  required  for  treatment  of  surface(s)  to  be 
treated  by  Electro-Osmotic  Pulse  must  be  calculated. 

2-1 .3.1 .1  The  overall  current  requirement  of  an  electro-osmotic  pulse  system  is 
determined  by  multiplying  the  surface  area  to  be  treated  by  the  required  current  density 
The  current  density  is  obtained  by  measuring  the  moisture  content  in  representative 
surfaces  of  the  treatment  area  and  multiplying  these  areas  by  the  current  density 
requirements  provided  in  Table  2-1 


Table  2-1.  Concrete  Current  Density  Required  for  Effective  Treatment 


Moisture  Content 
(per  Proti-Meter) 
at  1-  &  3-in, 
depths’ 

2  Weeks 

6  mo 

20  yr  + 

Greater  than  30% 

2.20  mA/sq  ft 
concrete 

0,22  mA/sq  ft 

0.1 1  mA/sq  ft 

Less  than  30% 

1.10  mA/sq  ft 

0.1 1  mA/sq  ft 

0.06  mA/sq  ft 

’These  values  are  generated  by  dividing  the  current  density  capacity  of  the  anode 
current  density  limit  per  lineal  foot  of  wire,  ribbon  or  mesh  from  the  anode 
material's  manufacturer’s  specification  by  the  maximum  area  of  3  sq  ft  of  concrete 
that  1  lineal  ft  of  anode  can  treat  (high  moisture  content)  or  6  sq  ft  (moderately 
moist  concrete). 

2-1  3  2  Determine  Positive  Electrode  Spacing  Requirement.  Positive  electrodes 
must  be  placed  in  all  cold  joints,  construction  joints,  and  concrete  cracks  showing 
evidence  of  water  intrusion  during  the  site  survey.  As  a  rule,  this  generally  is  adequate 
for  most  construction  However,  when  water  permeates  through  the  concrete  at  other 
locations,  the  following  steps  need  to  be  included  in  the  design  to  determine  positive 
electrode  spacing. 

2-1 .3.2.1  Positive  Electrode  spacing  is  dependent  on  the  moisture  content  levels  in  the 
concrete.  The  moisture  level  is  measured  as  referenced  in  Appendix  D  using  the  Proti- 
Meter  (or  its  equivalent)  and  should  be  measured  when  the  concrete  is  at  its  most  moist 
condition,  This  moisture  level  is  measured  at  the  surface,  and  at  depths  of  1  and  3 
inches. 

2-1 .3.2.2  If  the  readings  taken  at  all  1  and  3  inch  depths  are  equal  to  or  greater  than  30 
percent,  then  electrode  runs  must  be  spaced  3  ft  apart  for  these  areas 

2-1 .3.2.3  If  the  moisture  content  is  of  concern  and  treatment  is  desired  but  the  readings 
at  the  1-  and  3-in.  depths  are  less  than  30  percent,  then  the  spacing  may  be  increased 
to  6  ft 

2- 1 .3.2  4  If  the  surface  readings  are  substantially  higher  than  the  readings  at  the  1-  and 

3- inch  depths,  this  is  generally  due  to  condensation  from  the  interior  air  on  to  the 
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concrete  surface,  the  surface  temperature  of  which  is  below  the  dew  point  temperature 
and  thus  is  not  considered  in  the  design. 

2-1 .3.3  Positive  Electrode  Operating  Current  Maximum  Limits.  These  maximum 
current  limits  must  be  established  and  not  exceeded  due  to  the  detrimental  effect  it  can 
have  of  causing  corrosion  to  rebar  and  deteriorating  the  concrete 

2-1 .3.3.1  The  limits  on  operating  currents  for  the  positive  electrode  are  expressed  in 
terms  of  milliamperes  of  current  per  square  foot  (current  density)  of  electrode  in  contact 
with  the  cement  mortar.  (See  Table  2-2.)  Given  the  use  of  MMO  ceramic  coated 
titanium  electrode  material,  the  minimum  coating  system  has  a  projected  life 
substantially  in  excess  of  all  other  system  components.  The  durability  of  the  coating  is 
therefore  not  a  concern. 


Table  2-2.  Positive  Electrode  Operating  Limits 


Operating 

Time 

Current  Density 
on  Positive 
Electrode 

Current  Limit  for 
1/16-in.  Diameter 
Wire  Positive 
Electrode 

Current  Limit  for 
Vi -in  Ribbon 
Positive 
Electrode 

Current  Limit  for 
1/2-in  Ribbon 
Mesh  Positive 
Electrode 

Current  Limit  for 
3/4-in  Ribbon 
Mesh  Positive 
Electrode 

2wk 

400  mA/sq  ft 

0.5  mA/LF 

183  mA/LF 

42  mA/LF 

62.8  mA/LF 

6  mo 

40  mA/sq  ft 

0.65  mA/LF 

1  83  mA/LF 

4.2  mA/LF 

6.26  mA/LF 

Life  of 
system 

20  mA/sq  ft 

0.33  mA/LF 

092  mA/LF 

2.1  mA/LF 

3.09  mA/LF 

2-1 .3.3.2  Conversely,  the  positive  electrode  current  density  can  have  a  dramatic  impact 
on  the  cement  mortar  grout  placed  around  the  electrode  if  certain  limits  with  respect  to 
time  are  exceeded. 

2-1  3  4  Current  Density  Requirement  on  Concrete  for  Effective  Moisture 
Removal.  The  maximum  current  density  required  is  a  function  of  the  moisture  content 
in  the  concrete  Table  2-1  lists  the  maximum  current  density  of  concrete  required  per 
square  foot  of  concrete  surface,  given  the  above  electrode  spacing  limit  and  field 
experience. 

2-1 .3.5  Positive  Electrode  (Anode):  Mixed  Metal  Oxide  (Ceramic)  Coated  Titanium 
Positive  Electrodes 

2-1 .3.5.1  The  Positive  Electrode  (anode)  shall  consist  of  a  precious  mixed  metal  oxide 
(MMO)  catalyst  sintered  to  a  Grade  1  titanium  substrate  (per  ASTM  B265).  The  anode 
shall  be  in  the  form  of  a  ribbon  mesh,  louvered  ribbon,  or  wire  provided  in  rolls 
approximately  250  feet  (76  meters)  in  length.  The  anode  MMO  coating  is  electro- 
catalytic  coatings  applied  by  thermal  decomposition  to  the  specially  prepared  titanium 
substrates.  The  electro-catalytic  coatings  are  formulated  primarily  of  platinum  group 
metals  and  appropriate  binders.  The  coatings  are  applied  by  spraying  or  dip  coating 
aqueous  salts  of  the  metals  onto  an  acid  etch-cleaned  titanium  substrate  and  heating  to 
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several  hundred  degrees  Celsius.  Multiple  layers  of  coating  may  be  applied  by  this 
process  to  provide  the  desired  final  coating  thickness  The  resulting  mixed  metal  oxide 
coating  is: 

•  Highly  conductive  (1  O'3  H-crn  to  1 0'6  O-cm  resistivity), 

•  Crystalline  (anhydrous). 

•  Corrosion  and  acid  resistant. 

•  Very  hard  (hardness  of  60). 

•  Highly  abrasion  resistant 

2-1 .3.5.2  Nickel  metal  oxide  (ceramic)  coated  titanium  or  niobium  wire,  ribbon  and 
mesh  anode  material  are  available  in  a  variety  of  configurations  for  optimization  of 
specific  current  density  and  current  distribution  requirements.  It  is  a  ceramic-metal 
multi-layer  composite  that  is  ductile,  rugged,  and  easy  to  use  It  consists  of  an  ultra  thin 
layer  of  an  iridium-tantalum-titanium,  mixed  metal  oxide  ceramic  deposited  on  to  either 
a  solid  titanium  core  (STI  version),  a  copper  cored  titanium  interface  (CTC)  or  a  copper 
cored  niobium-titanium  interface  (CNC  version)  The  latter  has  a  niobium  interface  for 
other  applications  requiring  the  added  high  voltage  capacity  of  niobium  with  respect  to 
breakdown  voltage  characteristics  that  are  not  of  concern  in  these  applications 

2-1 .3.5.3  The  nickel  metal  oxide  anode  coating  is  exceptionally  durable  in  combination 
with  the  ductile  commercially  pure  titanium  substrate.  It  has  been  tested  at  current 
densities  over  2000  amperes  per  square  foot  of  anodic  current  discharge.  It  is 
fabricated  primarily  from  precious  metal  and  refractory  metal  oxides  in  sufficient 
quantities  and  ratios  to  provide  a  defined  life  expectancy.  Because  the  coating  is 
already  oxidized,  it  is  not  consumed  when  operating  as  the  positive  electrode  in  EOP 
applications  and  is  dimensionally  stable.  This  dimensional  stability  is  a  major  advantage 
in  that  the  resistance  to  earth  does  not  increase  with  time  as  it  does  with  other  more 
consumable  anodes  such  as  HSCI  or  Graphite 

2-1 .3.5.4  EOP  systems  should  use  a  titanium  substrate  mixed  metal  oxide  coated 
ribbon,  titanium  substrate  mixed  metal  oxide  coated  wire  mesh  positive  electrode  or 
copper-cored  titanium  wire  with  a  minimum  diameter  of  1/16  in.  The  ribbon  anodes  are 
normally  used  in  .25  and  .5  inch  widths  The  wire  mesh  anode  is  made  from  perforated 
titanium  and  is  normally  used  in  .5  and  75  widths  These  anodes  should  have  a  current 
density  of  5  0  mA/ft  at  a  minimum.  The  wire  mesh  is  preferred  as  it  is  not  susceptible  to 
voids  forming  during  grouting.  The  voids  collect  water  and  cause  corrosion  of  the 
electrode. 
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2-1 .3  5  Negative  Electrode  (Cathode). 

2-1 .3  5  1  Type  The  negative  electrode  receives  electric  current  from  positive  ceramic 
coated  titanium  wire,  ribbon,  and  mesh  electrodes.  This  action  normally  provides 
corrosion  mitigation  for  the  negative  electrode  and  therefore  common  metal  materials 
can  be  used  for  this  purpose  A  commonly  used  cathode  is  the  common  copper  clad 
steel  electrical  ground  rod.  typically  5/8-in.  (15.9  mm)  diameter  by  6-ft  long  (minimum) 
The  rods  shall  be  made  of  nickel-plated  steel  that  is  heavily  plated  in  copper  for  high 
levels  of  conductivity  and  good  corrosion  resistance.  The  rods  shall  meet  or  exceed  UL 
standard  467  and  ANSI  C33.8.  These  will  be  driven  through  a  purposely  made  hole  in 
either  the  structure  wall  or  slab  into  the  surrounding  earth 

2-1 .3.5.2  Installation  A  hole  is  formed  in  the  concrete  through  which  the  electrode  is 
driven  and  the  lead  wire  is  exothermically  welded  or  brazed  to  the  rod  prior  to  insertion 
This  connection  is  then  waterproofed  with  epoxy  before  insertion  through  the  wall  or 
slab  After  driving,  the  entire  connection  receives  additional  waterproofing  by  filling  the 
cavity  with  epoxy  The  lead  wire  is  then  routed  in  slots  that  are  later  filled  with  cement 
mortar  back  to  the  appropriate  junction  box. 

2-1  3.5  3  Number  of  Negative  Electrodes 

2-1 .3.5.3. 1  The  number  of  electrodes  is  defined  both  by  the  need  for  uniform  distribution 
of  treatment  current  and  maximum  allowable  circuit  resistance.  There  must  be  at  least 
one  negative  electrode  for  each  50  lineal  feet  of  positive  electrode  Additional  negative 
electrodes  may  be  required  if  the  soil  resistivity  into  which  the  negative  electrode  is 
inserted  is  unusually  high 

2-1 .3.5  3.2  Given  that  the  resistivity  of  the  concrete  does  not  vary  greatly,  the  EOP 
circuit  resistance  will  be  primarily  controlled  by  the  presence  of  moisture  in  the  concrete 
and  the  resistance  to  current  flow  through  the  soil  to  the  negative  electrode.  Since  (1 ) 
the  soil  characteristics  are  controlled  by  nature,  and  (2)  the  positive  electrode 
configuration  is  controlled  by  other  design  factors,  the  only  design  variable  for  modifying 
the  system  circuit  resistance  is  to  change  either  the  number  or  length  of  negative 
electrodes  in  contact  with  the  earth. 

2-1 .3.5  3.3  Normally,  the  number  of  electrodes  is  determined  by  installing  one  electrode 
at  a  time  for  each  50-ft  segment  of  positive  electrode  wire  and  then  by  measuring  the 
AC  impedance  (resistance  as  measured  by  a  Nilsson  Model  400  meter  or  its  equivalent) 
between  the  two  installed  electrodes.  If  this  measured  resistance  is  1 00  ohms  or  less, 
then  1  electrode  is  sufficient  for  this  50-ft  segment.  If  the  positive  electrode  segment  is 
only  25  ft  long,  then  a  resistance  of  200  ohms  is  acceptable.  If  the  total  positive 
electrode  length  is  40  ft  the  resistance  can  be  up  to  125  ohms,  and  so  on  (Figure  2-2) 
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2-1  3  5  4  If  the  resistance  measured  between  the  corresponding  positive  and  negative 
electrodes  is  higher  than  the  allowable  resistance,  either  additional  negative  electrodes 
must  be  installed  ora  greater  length  negative  electrode  must  be  used 

2-1 .3.5.5  If  the  resistance  measured  between  the  positive  and  negative  electrode  is 
substantially  lower  than  the  desired  resistance  and  therefore  the  current  limit  on  the 
positive  electrode  is  exceeded,  some  negative  electrodes  may  be  disconnected  from 
the  system,  or  a  shorter  negative  electrode  is  installed. 

Figure  2-1.  Maximum  Positive  to  Negative  Electrode  Resistance. 


0  10  20  30  40  50 

Positive  Electrode  Length  (Ft)  per  Neg.  Electrode 


2-1 .3.6  Electrode  Lead  Wires  and  Connections 

2-1 .3.6  1  Available  Wire  Types  All  electrodes  should  be  provided  with  stranded 
(seven  strands  minimum)  annealed  copper  lead  wires.  High  Molecular  Weight,  Low 
Density  Polyethylene  (HMWPE)  is  the  most  popular  anode  lead  wire  insulation;  however 
both  Kynar/HMWPE  and  Halar/HMWPE  dual  extrusion  insulations  are  available  for 
more  demanding  situations  where  chlorides,  oil,  or  other  harsh  environments  are 
involved  Other  cable  insulations  have  been  used  including  EPR/CSPE  (ethylene 
propylene  rubber/chloro-sulphonated  polyethylene  commonly  called  Hypalon),  and  are 
available  when  suitable  for  the  application.  It  is  important  that  the  appropriate  cable 
insulation  be  selected  for  the  environment. 
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2-1 .3.6.2  Positive  Electrode  Lead  Wire  Connections  All  positive  electrodes  to  lead 
wire  connections  shall  be  made  in  junction  box/test  stations  only  No  splices  of  the 
positive  electrode  to  wire  connections  shall  be  permitted  within  the  concrete  or 
grouted/mortared  slots. 

2-1 .3.6.3  Rebar  Connection.  Rebar  cages  are  also  to  be  connected  with  lead  wires  to 
the  control  box  In  the  initial  survey  the  steel  reinforcing  bar  should  have  been  identified 
If  the  structure  is  reinforced  with  a  double  mat  of  rebar  or  more,  then  continuity  of  the 
rebar  must  be  checked.  This  is  necessary  for  connection  to  the  control  unit  that  will 
prevent  stray  current  corrosion.  This  is  not  a  requirement  for  single  mat  reinforcing  The 
rebar  cage  must  be  exposed  at  two  points  so  that  lead  wires  can  be  attached  The  lead 
wire  is  attached  by  using  an  eye  bolt  threaded  into  the  rebar.  This  requires  drilling  and 
tapping  the  rebar  with  matching  threads  for  the  eye  bolt  selected  for  use  These 
connection  points  will  receive  positive  electrode  backfill 

2-1  3  6  4  Negative  Electrode  Lead  Wire  Connections  Negative  electrode  to  lead 
wire  splices  must  be  moisture  proofed  using  epoxy  encapsulation. 

2-1 .3.6.5  Junction  Box  Electrode  Connections.  Connections  within  the  junction  box 
must  be  made  in  a  manner  to  assure  their  long  term  durability.  This  is  most  commonly 
accomplished  by  the  use  of  wire  nuts  or  compression  connectors.  All  splices  should  be 
made  to  assure  their  electrical  isolation  from  any  other  metallic  components  within  the 
junction  box  and  also  the  box  itself. 

2-1 .3.6.6  Junction  Box.  This  box  shall  be  of  nonmetallic  construction  with  stainless 
steel  fittings  The  box  cover  must  be  fitted  with  a  waterproof  gasket. 

2-1 .3.6.7  Conduits.  Rigid  galvanized  steel  conduit  and  accessories  shall  conform  to 
UL  6  Nonmetallic  conduit  shall  conform  to  NEMA  TC  2.  Conduit  shall  be  securely 
fastened  at  2.4  m  (8-ft)  intervals  or  less. 

2-1.3.7  Electrode  Backfill. 

2-1 .3.7.1  The  positive  electrode  backfill  provides  a  compatible,  ionically  conductive 
environment  that  can  be  easily  grouted  into  place  around  the  electrode  assuring 
intimate  contact  to  the  surrounding  cementitious  structure  Specialty  grouts  designed 
for  compatibility  with  electrical  devices  in  concrete  such  as  MasterFlow  928  and 
SikaRepair223  are  the  preferred  materials.  However,  in  extreme  circumstances 
common  backfill  Portland  Cement  Mortar  grout  may  be  used  When  using  cement 
mortar  grout,  it  may  have  additives  that  make  the  mortar  expansive  upon  cure  to  ensure 
mechanical  holding  within  the  slot.  Caution  must  be  used  in  the  selection  of  these 
expansive  agents  to  make  sure  they  do  NOT  raise  the  electrical  resistivity  of  the  cement 
mortar.  Similarly,  only  cement  mortar  slurries  should  be  brushed  into  the  slots  to  serve 
as  bonding  agents  Most  synthetic  bonding  agents  are  nonconductlve  or  at  least  highly 
resistant  to  the  passage  of  electric  current  and  should  never  be  used 
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2-1 .3.7  1  1  The  MMO  Titanium  wire,  ribbon  or  mesh  anode  is  placed  into  the  active 
electrode  slot  cut  into  the  concrete  and  then  the  backfill  is  troweled  or  caulked  into  place 
around  the  wire,  ribbon  or  mesh.  Special  care  must  be  taken  when  backing  around  the 
electrodes,  especially  when  using  a  cement  mortar  grout.  If  there  are  any  air  pockets 
created  adjacent  to  the  wire,  ribbon  or  mesh,  these  will  collect  water  which  will  then 
become  acidic  over  time  that  in  turn  can  produce  hydrogen  gas.  This  will  result  in 
corroding  or  deterioration  of  the  anode, 

2-1 .3.7.2  Where  the  positive  electrode  wire  is  routed  to  the  junction  box  in  slots  not 
intended  as  current  discharge  slots,  the  wire  shall  be  covered  with  heat  shrink  tubing. 

2-1 .3.8  Determining  the  number  and  length  of  positive  electrode  slots.  This 
calculation  is  to  be  used  in  the  design  when  the  concrete  surface  is  wet  and  the  interior 
is  also  wet,  indicating  that  water  is  entering  through  the  concrete 

2-1 .3.8.1  Slab  Positive  Electrodes.  For  slab  on  or  below  grade  applications,  the 
positive  electrode  is  placed  in  slots  no  more  than  3  ft  apart  over  the  entire  surface  of  the 
slab  surfaces  to  be  treated  with  the  first  and  last  slots  within  3  in  of  the  penmeter  of  the 
slab  to  be  treated 

2-1 .3.8.2  Wall  Positive  Electrodes.  For  systems  where  the  wall  is  the  primary 
treatment  surface,  the  first  electrode  slot  is  always  placed  within  3  in  of  the  floor  slab 
along  the  entire  wall  length  to  be  treated.  If  high  moisture  levels  exist  to  a  height 
greater  than  3  ft  above  the  floor  slab,  than  additional  slots  will  be  needed  at  3-ft  intervals 
in  horizontal  slots  If  only  moderate  moisture  levels  exist  from  the  3-ft  level  up,  then 
additional  horizontal  slots  are  needed  only  if  this  condition  exists  above  a  5-ft  height  in 
which  case  the  second  slot  is  provided  at  the  6-ft  level. 

2-1 .3.8.3  Floor  to  Wall  Junctures  only  If  the  treatment  area  only  involves  an  area 
defined  as  being  within  2  ft  into  the  slab  and  up  the  wall  from  the  floor-to-wall  juncture, 
only  one  positive  electrode  slot  is  required,  which  is  placed  within  3  in.  of  this  juncture 
either  on  the  wall  or  slab  surface. 

2-2  PREPARE  LIFE  CYCLE  COST  ANALYSIS. 

The  life  cycle  cost  analysis  should  be  prepared  according  to  the  guidelines  given  in  TM 
5-802-1  (reference).  Another  source  of  information  on  performing  life  cycle  cost 
analyses  is  NACE  Publication  3C194  (Technical  Committee  Report)  (reference).  The 
choice  of  a  particular  electrode  type  and  configuration  for  design  calculation  is 
somewhat  arbitrary.  The  economics  may  dictate  switching  to  a  different  design 
configuration  and  repeating  the  applicable  design  steps. 

2-3  PREPARE  PLANS  AND  SPECIFICATIONS 

Prepare  plans  that  show  the  treated  structure,  locations  of  the  power  source,  the  EOP 
control  unit,  the  electrodes,  the  negative  side  components,  wire  routing,  junction  boxes, 
wire  color  coding,  and  other  pertinent  information  Prepare  a  one-line  diagram  to  show 
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the  entire  system,  including  wire  sizes,  electrode  type(s),  power  circuit,  power  circuit 
protection,  and  source  of  power  Prepare  specifications  to  describe  required  features  of 
the  system  components 


CHAPTER  3 
CRACK  REPAIR 

3-1  CRACK  REPAIR  IN  CONJUNCTION  WITH  EOP 

3-1  1  Conditions  Suitable  to  EOP  The  need  for  crack  repairs  and  injection 
procedures  required  to  be  accomplished  in  conjunction  with  EOP  is  best  explained  by 
understanding  the  most  suitable  conditions  for  an  EOP  system  The  perfect 
environment  for  the  installation  of  EOP  is  saturated  concrete;  i.e. ,  concrete  that: 

•  Paints  and  sealers  will  not  stick  to. 

•  Is  cool  and  damp  to  the  touch. 

•  Has  calcification  and/or  mold  buildup  on  its  surface 

•  Sweats  or  has  beads  of  moisture  on  the  surface. 

These  concrete  structures  are  solid  with  no  voids  or  cracks.  Any  voids  or  cracks  will  act 
as  insulators  and  inhibitors  of  both  current  flow  and  the  movement  of  water  from  the  dry 
side  to  the  wet  side 

3-1 .2  Create  the  Proper  Environment.  Most  waterproofing  needs  exits  in  areas 
that  have  flowing  water  and  for  EOP  to  be  effective  requires  the  proper  environment  be 
created  for  the  system  to  perform  properly.  To  accomplish  this,  access  must  be 
available  to  perform  all  required  repairs  and  create  conditions  that  are  compatible  with 
the  EOP  system,  and  that  will  create  the  correct  operating  environment  for  EOP 

3-1.3  Crack  Repair. 

3-1 .3.1  Settling  Cracks  There  are  many  different  types  of  cracks  that  need  to  be 
addressed.  "Settling  cracks"  are  caused  by  movement  after  the  concrete  has  cured.  In 
most  cases,  these  are  narrower  cracks  that  will  not  experience  a  lot  of  movement.  In 
this  case,  the  crack  is  usually  injected  with  a  hydrophilic  grout  because  the  lower 
viscosity  will  penetrate  the  crack  better.  When  the  cracks  are  larger  and  there  is  a  need 
to  fill  a  significantly  greater  volume,  a  hydrophobic  grout  is  generally  used,  but  either  of 
these  grouts  may  be  used  All  cracks  1/32  inch  wide  or  greater  are  to  be  sealed 
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3-1 .3.2  Cosmetic  Cracks  Repairing  cracks  (or  damage)  not  caused  by  movement 
should  be  accomplished  These  cracks  do  not  always  leak,  but  they  will  occasionally 
allow  moisture  penetration,  In  most  cases,  some  surface  area  is  chiseled  away 
immediately  around  the  crack,  and  the  crack  or  damaged  area  is  repaired  with  hydraulic 
cement.  All  cracks  1/32  inch  wide  or  greater  are  to  be  sealed. 

3-1 .3.3  Cracks  Caused  by  Design.  Cracks  caused  by  design;  i.e  ,  control  joints 
and  expansion  joints,  must  be  treated  in  a  way  that  will  allow  for  continued  movement 
even  after  the  repair  is  completed  In  most  cases,  a  flexible  epoxy,  such  as  Micor  Joint 
filler  or  equivalent,  is  used  in  these  areas.  Epoxy  can  only  be  applied  in  dry  areas, 
however,  once  it  has  cured,  it  has  great  adhesion  capabilities  and  will  allow  for 
continued  movement  in  the  cracks  When  surfaces  are  wet  and  prohibit  use  of  epoxy, 
use  of  a  moisture  cured  urethane  is  required  such  as  Strata-Tech  524  or  equivalent 
When  conductivity  is  required,  such  as  when  the  anode  is  in  the  joint,  conductive 
materials  may  be  added  to  the  epoxy  repairs. 

3-1 .3.4  Voids.  Voids  in  walls  are  usually  the  result  of  poor  placement  procedures 
when  the  concrete  was  poured  initially.  If  these  voids  are  not  too  large  and  in  confined 
areas,  the  bad  sections  of  concrete  are  chipped  out  and  replaced  with  hydraulic  cement. 
If  the  voids  are  just  porous  concrete  and  extend  along  or  through  the  wall,  these  areas 
are  injected  with  a  hydrophilic  grout.  Another  type  of  void  is  created  by  design  such  as 
with  concrete  block  walls.  When  installing  EOP  in  a  concrete  block  structure,  all  voids 
and  cavities  in  the  blocks  must  first  be  filled.  This  is  accomplished  by  filling  the  blocks 
with  a  pumpable  concrete  grout. 

3-1 .3.5  Wall  Openings  Created  by  Design.  Openings  in  walls  are  almost  always 
created  by  design,  e  g  ,  chases  or  conduits  When  repairing  an  abandoned  chase,  the 
opening  is  filled  with  a  concrete  material  -  either  brick  or  cement  -  and  then  the  crack 
where  the  patch  abuts  the  existing  cement  is  injected  with  thin  hydrophilic  grout.  There 
are  two  kinds  of  conduits,  active  and  inactive  An  inactive  or  abandoned  conduit  is  filled 
with  activated  Oakum  and  sealed  over  with  hydraulic  cement.  Oakum  works  well  for 
smaller  diameter  conduits  by  itself  Larger  diameter  conduits  may  require  use  of  an 
insert  with  the  Oakum  An  active  conduit,  or  one  with  wires  running  through  it,  is  a  more 
difficult  repair  The  pipe  is  usually  sealed  with  activated  Oakum  The  life  expectancy  of 
this  repair  is  somewhat  short-term  compared  to  the  other  repairs.  However,  it  is  the 
only  way  to  allow  for  future  use  of  the  conduit  such  as  adding  or  repairing  wires. 
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APPENDIX  A 
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1 .  Department  of  the  Army 
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Structures. 


TM  5-802-1 ,  Economic  Studies  for  Military 
Construction  Design  Applications 
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Internet  site  http://www.defenselink. 
mil/pubs/ 


2  Department  of  the  Army 

DefenseL/nk  Publications 
Internet  site  http;//www.defenselink. 


NON-GOVERNMENT  PUBLICATIONS: 


NACE  International 


NACE  Publication  3C194  (Technical 
Committee  Report) 
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APPENDIX  B 

MOISTURE  PROBLEMS  CHECKLIST 


Place  &  Date 

Customer 

Address 

Point  of  contact 

Phone 

Fax 

Address  of  object 

Project  No. 

Construction  Data 

Age  of  structure 

Size  of  structure 

Foundation 

External  walls 

Internal  walls 

Floors 

Cracks/holes? 

Reason? 

Salt  appearance? 

Fungus? 

Odor? 
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Rotten  Materials? 

Ventilation? 
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CONDITION  OF  SOIL  &  TOPOGRAPHY 

Soil 

Excavation? 

Back  filling? 

Water  table? 

pH-level 

Topography 

Drain  pipes 

MOISTURE 

When  discovered 

Greater  during  Spring? 

Greater  when  heavy 
rain? 

Location  of  moisture 

Standing  water  on 
floors? 

MOISTURE  READINGS 

Moisture  level  (in  RH) 

Moisture  level 
(Protimeter) 

1  ft  on  the  wall 

1  in  3  in 

3  ft  on  the  wall 

1  in.  3  in 

In  the  floor 

1  in  3  in, 

RH  in  room 

Temperature  in  room 

Temperature, 

construction 
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Dew  point 

Temperature,  outside 

RH  outside 

Condensation? 

Moisture  level  in  wood 

Located  where? 

GENERAL  INFORMATION 

Other  buildings  with 
same  problems? 

Present  use  of  area 

Future  use  of  area 

Inside  drain? 

Location  of  EOP  unit 

110V  available? 

Building  ground 

Drawings  of 
construction? 

Pictures  of  object? 

Other  information 

SOLUTIONS 

Source  of  problems 

More  info.  Necessary? 

The  best  possible 
solution 

PERSONS  REPRESENTED  AT  INSPECTION 

For  surveyor 
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Name 

Title 

Phone 

FAX 

PERSONS  REPRESENTED  AT  INSPECTION 

For  customer 

Name 

Title 

Phone 

FAX 
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EXAMPLES  OF  ELECTRO-OSMOTIC  SYSTEM  DESIGN 
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- CIRCUIT  A 
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EOP  CONTROL  UNIT  LOCATION 


.-DENOTES  CIRCUIT  NUMBER 

if 

JUNCTION  BOX  OP  S 
CATHODE  NUMBER 


Fort  Monmouth  EOP  Installation 
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Fort  Monmouth  EOP  Installation  (cont.). 
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Aberdeen  EOP  Installation 
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U.S.  Dept  of  Treasury  EOP  Installation 
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HQ  Basement  Section  EOP  Installation 
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APPENDIX  D 

MOISTURE  LEVEL  MEASURMENT 

This  procedure  provides  a  standardized  method  for  the  measurement  of  moisture  in 
concrete  using  the  Protimeter  Survey  master  SM®  moisture  meter. 

The  Surveymaster  meter  provides  a  method  for  easy  and  accurate  surveys  for  relative 
moisture  levels  in  various  building  matenals.  The  meter  is  used  to  identity  and  determine  the 
extent  of  water  intrusion  or  dampness,  which  may  provide  a  basis  for  microbial  growth, 
material  decay  or  EOP  design 

The  instrument  readings  are  based  on  percent  moisture  for  wood  In  any  material  otherthan 
wood  the  meter  will  give  readings  of  %wood-moisture-equivalent  (%VVME).  Levels  above 
20%  for  wood  generally  indicate  a  potential  for  rot,  Therefore,  a  reading  above  20%  in  any 
building  material  indicates  a  condition,  which  must  be  investigated  further. 

The  unit  has  two  modes 

•  Measure  Mode  uses  direct  contact  with  material  between  two  electrodes  to 
determine  the  level  of  moisture  present. 

•  Search  Mode  uses  Radio  Frequency  (RF)  signals  as  a  rapid  non-invasive 
method  to  detect  wetness  beneath  the  surface  of  materials 

For  this  procedure  only  the  “Measure  Mode"  will  be  considered  and  recommended  for  use. 


Definitions: 

•  %  WME:  the  moisture  level  in  any  building  material  other  than  wood 
expressed  as  a  moisture  content  of  wood. 

•  Measure  Mode:  Using  the  pins,  LED  and  digital  display  of  moisture  content 
in  percent 

•  Search  Mode:  Using  RF  detection,  LED  display  of  relative  moisture  content 
beneath  the  surface  of  building  materials 

•  Light  Emitting  Diode  Codes 

Green  LED's:  Air-dry  conditions. 

Yellow  LED's:  Slightly  in  excess  of  normal  Investigate  further 
♦  Red  LED's:  Excess  moisture. 
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Deep  Wall  Probes,  two  long  probes  insulated  but  for  their  tips  for  the  measurement  of 
moisture  deep  inside  a  wall  regardless  of  surface  moisture  or  salts  contamination 

Salt  Contamination.*  salts  deposited  in  the  building  material  by  previous  water 
intrusion  are  hygroscopic  and  may  enhance  the  ability  of  the  material  to  draw  moisture 
from  the  room  air  in  humid  settings  maintaining  high  moisture  conditions  Under  dry 
conditions,  this  potential  is  not  measurable  by  the  Surveymaster. 

Unusual  readings:  seemingly  absurd  readings  may  be  attnbutable  to  electrically  conductive 
materials  such  as  aluminum  foil  vapor  barrier  or  carbon  containing  materials. 

Calibration  of  the  Surveymaster 

•  Turning  Power  On:  press  the  Pin  button  on  the  front  of  the  meter.  The  unit  will 
remain  on  for  30  seconds  and  then  turn  itself  off. 

•  Warm-up  A  warm-up  is  not  required  for  this  meter 

•  Remove  the  protective  cover  over  the  pins. 

•  Press  the  two  needle  electrodes  against  the  two  exposed  wires  of  the  calibrator. 

•  The  reading  will  be  17-19  If  not,  return  the  instalment  for  repair 

Measure  Mode: 

•  Temporarily  suspend  operation  of  EOP  system  if  It  is  operating.  (The  meter 
operates  on  the  principle  of  electncal  resistance  and  electrical  current  in  the  concrete 
or  masonry  building  material  can  affect  the  moisture  readings.) 

•  Remove  the  cover  over  the  pins. 

•  Push  the  pins  firmly  into  building  matenals. 

•  Press  the  Pin  button 

•  Obtain  the  surface  reading  on  both  the  digital  display  and  the  LED's. 

•  For  readings  in  recessed  or  difficult  areas  recover  the  pins  and  connect  the  external 
probes  to  the  socket  on  the  right-hand  side  of  the  meter  body 

•  Repeat  readings 
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Deep  Wall  Probes,  two  long  probes  insulated  but  for  their  tips  for  the  measurement  of 
moisture  deep  inside  a  wall  regardless  of  surface  moisture  or  salts  contamination 

Salt  Contamination.*  salts  deposited  in  the  building  material  by  previous  water 
intrusion  are  hygroscopic  and  may  enhance  the  ability  of  the  material  to  draw  moisture 
from  the  room  air  in  humid  settings  maintaining  high  moisture  conditions  Under  dry 
conditions,  this  potential  is  not  measurable  by  the  Surveymaster. 

Unusual  readings:  seemingly  absurd  readings  may  be  attnbutable  to  electrically  conductive 
materials  such  as  aluminum  foil  vapor  barrier  or  carbon  containing  materials. 

Calibration  of  the  Surveymaster 

•  Turning  Power  On:  press  the  Pin  button  on  the  front  of  the  meter.  The  unit  will 
remain  on  for  30  seconds  and  then  turn  itself  off. 

•  Warm-up  A  warm-up  is  not  required  for  this  meter 

•  Remove  the  protective  cover  over  the  pins. 

•  Press  the  two  needle  electrodes  against  the  two  exposed  wires  of  the  calibrator. 

•  The  reading  will  be  17-19  If  not,  return  the  instalment  for  repair 

Measure  Mode: 

•  Temporarily  suspend  operation  of  EOP  system  if  It  is  operating.  (The  meter 
operates  on  the  principle  of  electncal  resistance  and  electrical  current  in  the  concrete 
or  masonry  building  material  can  affect  the  moisture  readings.) 

•  Remove  the  cover  over  the  pins. 

•  Push  the  pins  firmly  into  building  matenals. 

•  Press  the  Pin  button 

•  Obtain  the  surface  reading  on  both  the  digital  display  and  the  LED's. 

•  For  readings  in  recessed  or  difficult  areas  recover  the  pins  and  connect  the  external 
probes  to  the  socket  on  the  right-hand  side  of  the  meter  body 

•  Repeat  readings 
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•  To  obtain  readings  below  the  surface  ot  the  concrete  or  masonry  building  material, 
drill  two  'A  inch  diameter  holes  in  the  building  material  to  the  desired  depth,  typically 
3  inches,  centered  Vz  inch  apart.  Clean  the  drill  dust  out. 

•  For  measuring  moisture  in  the  holes,  attach  the  Deep  Wall  Probes  to  the  socket  on 
the  right-hand  side  of  the  meter  body  and  press  the  probes  firmly  against  the  bottom 
of  the  holes, 

•  Read  levels  for  each  desired  depth  up  to  the  maximum  penetration  distance. 


Documenting  readings: 

•  There  is  no  data  logging  capability  in  this  instrument.  By  holding  the  "on"  button  while 
performing  the  test  the  unit  will  hold  the  maximum  reading  until  the  button  is  released 


Conversion  to  real  percent  moisture: 

To  convert  %WME  readings  to  percent  moisture  in  concrete  use  the  following  equation 
%RHC  =  %WME  X  0.92375 

Where  %RMC  is  the  percent  relative  moisture  in  concrete. 
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APPENDIX  E 

EXAMPLES  OF  ELECTRICAL  DESIGN  FEATURES  FOR  ELECTRO-OSMOTIC 

SYSTEM 
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Retaining  clip 


NOTES:  Mesh  in.  wide  and  .05  in.  thick  expanded  metal 
Titanium  with  mixed  metal  oxide  coating 

A  in.  min.  spacing  between  all  rebar  and  mesh  anode 
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Kciaining 

Wall 


Sidewalk 

IhMinago 

Irench 


Expansion  loin!  1'ipc 
v> '  Wire  C  athodc 


( ond  bar 
•uncimn  ll<n 


typical  Cathode  Layout 


Expansion  Joint 
With  EDP 


35 


ERDC/CERL  TR-09-23 


144 


DRAFT  UFC  X-XXX-XX 
13  February  2008 


? 

I 


36 


ERDC/CERL  TR-09-23 


145 


DRAFT  UFC  X-XXX-XX 
13  February  2008 


i.  Electro- Osmotic  Pulse  System  Installation  Cut  A  way  View  (typical). 


c.  Circuit  Detail  (typical). 


b:  Cathode  Floor  Installation  Detail  (typical). 


d:  Electro- Osmotic  Pulse  Electrical  Connections  (typical). 


Typical  Installation  Design 
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Examples  of  Design  Calculations 
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Example  1 

Design  Assumptions 
1 .1  Current  density 

The  design  current  density  shall  be  1  5  mA/ft2  (1 6  mA/m2)  of  concrete  surface 
area. 

1  2  Anode  current  density 

Maximum  allowable  anode  current  density  shall  be  21  mA/ft2  (226  mA/m2)  of 
active  anode  surface  area  for  the  first  month  of  operation  and  10  mA/ft2  (108 
mA/m2)  thereafter. 

1 .3  Anode  voltage  drop 

In  order  to  assure  uniform  current  distribution  to  the  roadway  deck  and  retaining 
walls,  the  anode  voltage  drop  shall  not  exceed  300  mV  from  the  power  feed  point 
to  the  furthest  point  from  the  power  feed. 


c 


h - D - H 


G 


Free  Body  Diagram:  Feed  Vnodes  from  Both  Finds 


A  Maximum  Design  Current  Density 

1.5 

mA/ft; 

B  Anode  Spacing 

2.083 

ft 

C  Zone  length 

375 

ft 

D  Anode  length/Cond  Bar 

63 

ft 

E  Anode  width 

0.75 

In. 

F  Anode  resistance 

0.08 

52'ft 

G  Conductor  bar  length 

37.5 

ft 

H  Conductor  bar  width 

0.5 

in. 

1  Conductor  Bar  Resistance 

0  0175 

Q/ft 

2E=IR 
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Anode 

Ra=  Rsl 

Rs  =  0  08  fMt 
1=  31  5  ft 
=  2.52  0 


•a=  PiSaL 

p,=  1  5  mA/ft2 
SA=  2.083  ft 
L=  31.5  ft 
=  98  4375  mA 


E*=  URa/2 
=  124.0313  mV 

Conductor  Bar 

Rc=  RcL 

Rc  =  0.0175  Oft 
L=  18.75  ft 
=  0  328125  0 


•c-  PiScL 

Pi=  1.5  mA/ft2 
Sc=  18  75  ft 
La=  31  5  ft 
=  885.9375  mA 


Ea=  IcRc/2 
=  145  3491  mV 


Total  IR 

IRior  Ea+Ec 

=  269.4  mV  s300  mV?  OK 


Zone  Current  Draw  =  piUW/1 000 
P,=  1,5  mA/ft2 
U  =  37  5  ft 
W  =  63  ft 

=  3  54375  A 
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Example  2 


Center  Feed  Design  Calculations 


A 

Maximum  Design  Current  Density 

2 

mA/ft2 

B 

Anode  Spacing 

1  000 

ft 

C 

Anode  iength/Cond.  Bar 

385 

ft 

D 

Anode  width 

0.75 

in. 

E 

Anode  resistance 

0.8 

lift 

2E=IR 

IR,„|S30Q  mV 

Anode 

33 

> 

II 

RgL 

Rs= 

0  8  Qft 

L= 

19.25  ft 

= 

15  4 

Q 

Ia= 

l*|SAU 

t’r 

2  mA/ftJ 

Sa= 

1.000  ft 

L= 

19  25  ft 

= 

38.5 

mA 

il 

< 

LLi 

URa/2 

296  45 

mV 

S3  00 
mV? 


OK 


Component  Resistances 

Mesh  Anode 

1/4" 

aft 

1/2" 

0  12 

aft 

3/4" 

008 

aft 

1" 

aft 

Conductor  Bar 

1/4" 

0  049 

aft 

1/2" 

0  0175 

an 

3/4" 

aft 

1" 

Qft 

38 


ERDC/CERL  TR-09-23 


150 


DRAFT  UFC  X-XXX-XX 
13  February  2008 


Example  3 


End  Feed  Design  Calculations 


A 

Maximum  Design  Current  Density 

2 

mA/fP 

B 

Anode  Spacing 

1.000 

ft 

C 

Anode  length/Cond  Bar 

19 

ft 

D 

Anode  width 

075 

in. 

E 

Anode  resistance 

0.8 

Ci'ft 

2E=IR 

IRi„,s300  mV 

Anode 

Ra= 

RSL 

Rs  = 

0.8£lft 

L= 

19ft 

= 

15,2 

n 

u= 

I'iSaL 

Pl= 

2  mA/ft‘ 

S*= 

1.000  ft 

L= 

19ft 

* 

38 

mA 

II 
« 

III 

UR  a/2 

288.8 

mV 

Component  Resistances 

Mesh  Anode 

1/4" 

aft 

1/2" 

0.12 

att 

3/4" 

0  08 

aft 

1" 

Q4t 

Conductor  Bar 

1/4" 

0.049 

Q/ft 

1/2" 

0.0175 

a/ft 

3/4" 

a, ft 

1" 

a, ft 

S3Q0 

mV?  OK 
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Example  4 


Double  Feed  Design  Calculations 


A 

Maximum  Design  Current  Density 

2 

mA/ft* 

8 

Anode  Spacing 

2083 

ft 

C 

Anode  length/Cond.  Bar 

43 

ft 

D 

Anode  width 

0.75 

in 

E 

Anode  resistance 

0  08 

Q/ft 

2E=IR 

IR,„,s300  mV 


Ra= 

RSL 

Rs  = 

0  08  QH 

L= 

43  ft 

= 

6  88 

a 

Ia= 

PiS*L 

Pl= 

2mA/ft2 

Sa= 

1  000  ft 

L= 

43  ft 

= 

86 

mA 

in 

II 

IaRa/2 

= 

295  84 

mV 

Component  Resistances 

Mesh  Anode 

1/4" 

ait 

1/2" 

0  12 

Q/ft 

3/4" 

008 

Uft 

1" 

Sift 

Conductor  Bar 

1/4" 

0.049 

Q/ft 

1/2" 

0.0175 

aft 

3/4" 

aft 

1" 

Q'ft 

£300 

mV?  OK 
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